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High-Hatting the Foundation 


‘“YOU KNOW, Son, there is nothing that would please 
me better than to have you grow up by my side into 
a wonderful, useful power plant and I just want to 
tell you a few things that I have learned through long 
experience. Even though your cement does flow to you 
through troughs you are not getting enough to make 
you real strong.’’ : 

“‘Just a minute, Dad, you are getting old and can’t 
see as you used to. All through my system I’ve got 
steel to make me strong.”’ 

*“Well, may be so, but you can’t be too strong. 
Then the way you have filled your sole with wooden 
pegs you will have sore feet before you have stood on 
them very long, especially if you expect to drink the 
full capacity of the bar you are equipping in the base- 
ment.”’ 

‘‘Now don’t you worry, Dad, I am going right along 
with the regular fellows of my class and times and we 
boys know our turbines and boilers, too. Of course if I 
get stuck, I’ll call on you but I’m just doing fine.’’ 

‘Sure, I know all that. I’m the one to get all-your 
hard knocks; that’s why I’m warning you but you can’t 
tell these youngsters anything.”’ 

Now, that is just the way the successful have of 
looking down upon beginners, approving or disapprov- 
ing of every angle of development noted and comparing 
the youngsters with their own early history. As will 
be noted in the leading article of this issue, extensions 
are being made to a large number of the principal 
plants of the Southwest and the operating section: of 
the plant high-hats the foundations of its future neigh- 
bor in-a most-interesting way.--.Abeve is shown. a 
birdseye view of the foundation of Deep Water Station 
extension. 
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Increasing Power Demands of the Southwest 


Many New Stations Burtt To ServE THis TERRITORY WHERE THE PrRoBLEM Is Not So Mucu How to 
Burp Up tHE Loap As It Is How to Instat Equipment QuickLy ENougH to HANDLE THE LOAD 


LECTRIC POWER PRODUCTION by public 

utilities which in the United States is a 

measure of industrial activity, has been for 

the past few years increasing at an average 

rate of about eight per cent a year. In 1925 
the United States as a whole produced some 43,264 
million kw-hr. while in 1927 the production had in- 
ereased to 49,995 million. Figures just released by the 
government show an increase of 7.5 per cent for the 
first half of 1928 compared with the corresponding 
period last year. 

Practically all sections of the country have shared in 
this general increase, although, naturally, some districts 
have forged ahead so rapidly that they are particularly 
noticeable. This is true of the southwestern states, 
where industrial and rural developments are, and have 
been, so interrelated that it is difficult to determine the 
influencing factor. 

Considering only the territory south and west of 
Kansas City and as far west as the western boundaries 
of Colorado and New Mexico, a general increase of from 
15 to 19 per cent in the production of power is evident 
from an examination of Table I. 

This increase of more than double the average in- 
crease of the United States takes into account the State 
of Colorado, where the production of power is decreas- 
ing and the State of New Mexico, where, although the 
power production has more than doubled during the 
past year, the total produced is a small part of the total 
output of the country. 


Texas SHows UnusuaL GrowtH DurING RECENT YEARS 


As might be expected, the big gains in this district 
have been’ made in Texas, Oklahoma and Kansas. In 
1925, Texas ranked thirteenth among the states in the 
Union as a producer of electric power; in 1927, she 
ranked tenth and in July, 1928, eighth. 


Probably in no other section of the country can such 
an abundance and variety of fuels be found. Coal, oil, 
natural gas and wood waste are all used, while in Colo- 
rado nearly 50 per cent of the total power is from 
hydroelectric plants. Diesel engines are also widely 
used, especially for more isolated or standby plants. In 
fact, one company, the Texas-Louisiana Power Co., with 
holdings scattered through Texas and New Mexico, de- 
pends almost entirely upon Diesel ‘plants. 

It is interesting to note the sharp decline in fuel oil 
consumption for power purposes which has taken place 
in these states during the past year or two. At the 
same time, the consumption of natural gas has increased 
enormously, Texas, Oklahoma and Kansas using about 
60 per cent of the natural gas consumed in this country 
for power purposes. ‘eaib 

Lignite, of which there are vast deposits in' Texas 
and Colorado, is being pulverized and burned shiccess- 
fully in both states, Valmont, Trinidad and Comal &ta- 
tions being the outstanding examples of this practice. 
Both Colorado and New Mexico, however, produce 
better grades of coal, while in New Mexico, wood waste 


‘ . | aay 
is an important fuel. s 
ul bE 


Most OF THE TERRITORY SERVED BY A RELATIVELY tREW 
LARGE SysTEMS ft 


Many important isolated and municipal planty’ ‘are 
included in the territory, but the largest part is sé¥ved 
by a relatively few interconnected systems, among!¢hem 
the Insull, Byllesby, Doherty, Stone & Webster, Elegtric 
Bond & Share, Federal Light & Traction, North Amer- 
ican Light & Power, United Light & Power, Texas- 
Louisiana and Community Power & Light properties. 

Northeast, Neches, Deepwater, Horseshoe ie 
Comal, Neosho, Tecumseh, Valmont, Trinidad, Victoria, 
Byng, Riverton, Amarillo, Lake Pauline, Shreveport. 
Bernalillo, Weleetka, El Paso, and Dawson are sol of 


iW 
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FIG. 1. THE ADDITION OF A NEW 
GENERATING UNIT AND TWO PUL- 
VERIZED COAL FIRED BOILERS AT 
THE COMAL STATION WILL ADD 30,000- 
KW. TO THE SAN ANTONIO PUBLIC 
SERVICE CO. SYSTEM; AT THE SAME 
TIME THE RATING OF THE OLD BOIL- 
ERS IS BEING INCREASED FROM 300 
TO 400 PER CENT 

















FIG. 2. ON THE TEXAS POWER 
& LIGHT CO. SYSTEM, TRINIDAD 
STATION WITH AN INSTALLED 
CAPACITY OF 40,000-KW. BURNS 
PULVERIZED LIGNITE 




















FIG. 3. IN ADDITION TO THE 
NEW LAKE PAULINE STATION 
THE CENTRAL AND SOUTH- 
WEST UTILITIES CO. HAVE 
JUST ADDED A 5000-KW. UNIT 
TO THEIR SAN ANGELO STATION 


























FIG. 4. NECHES STATION OF THE 
GULF STATES UTILITIES CO. WHERE 
THE CAPACITY WAS DOUBLED BY 
THE ADDITION ,OF A  43,500-kv.a. 
UNIT. THIS STATION WAS PLACED IN 
SERVICE TWO YEARS AGO WITH A 
SINGLE GENERATING UNIT OF 21,000 
KW. CAPACITY. ITS ULTIMATE CA- 
PACITY WILL BE 300,000 KW. 
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the well known names that stand out as modern ex- 
amples of power plant engineering. Practically all of 
these stations are new, have additions under construc- 
tion, or have new additions already in operation. 

At the present time, the Northeast Station of the 


ENGINEERING 


October 1, 1928 


of the Kansas City Publie Service Co. and is rebuilding 
it. The ultimate capacity will be 175,000 kw. and three 
new 700-lb. boilers and a 10,000-kw. turbine are now 
being installed. In both of these stations coal is. used 
as fuel. 
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FIG. 5. 


Kansas City Power & Light Co. is of particular interest 
because of the installation of a boiler for 1400 lb. pres- 
sure and turbine units which will add 10,000 kw. to the 
_present installed capacity of 130,250 kw. The North- 
east Station is the main source of power for this com- 
pany, although last year it took over the power house 


TRANSMISSION LINE MAP SHOWING THE POWER DEVELOPMENTS IN TEXAS, OKLAHOMA AND KANSAS 


Deepwater Station of the Houston Lighting & Power 
Co. is being enlarged by the addition of a 40,000-kw., 
350-lb. turbine, a new switchyard and one 2000-hp. gas 
fired boiler. The unit will have its own transformer 
and all switching will be done on the high tension side. 
The condenser will be of the single pass type instead 
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of the two-pass type used on the older units. The ulti- 
mate capacity of this station is 300,000 kw. and the 
new unit will bring the installed capacity up to 105,000 
kw. made up of four units, one 40,000, one 25,000 and 
two 20,000-kw. machines. 

One of the interesting features of the load on this 
system, indeed on many southwestern systems, is the 
uniform peak load throughout the year, the refrigerat- 
ing, ice and cooling load in the summer just about 
balaneing the increased lighting and power load in the 
winter. The boiler room of this plant is shown in Fig. 
7 and the foundation and circulating water terminals 
for the new No. 4 unit are shown on the contents page. 

Completion of this extension will rival Neches sta- 
tion of the Gulf States Utilities Co., where a new 43,500- 
kv.a. unit has just been installed. The exterior of this 
station is shown in Fig. 4. This station, which operates 
at 375 lb. pressure, was designed by Stone & Webster, 
Inc., for an ultimate capacity of 300,000 kw. The orig- 


TABLE I. SUMMARY SHOWING THE FUEL CONSUMPTION 

AND POWER PRODUCTION OF PUBLIC UTILITIES FOR 

THE PAST FEW YEARS, BOTH FOR THE UNITED STATES 

AS A WHOLE AND FOR A GROUP OF SOUTHWESTERN 
STATES 
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In United States 





Fuel Consumed 
3,318 

472 553 
5,612 | 6,976 


47,602 +2 | 50,330 4,014 | 4,064, 1.3 
26,189} 17. ° 2,434 | 3,072| 26.2 


3,170| -4.5 
17.3 


40,222 | 41,312 
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Total U.S.Kw-hr. | 65,870 | 73,791) 12.2 6,448 7,136 | 10.9 





In Colorado, Kansas, Oklahoma, Texas 
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inal section had a capacity of 21,000 kw. Natural gas is 
used as fuel. At present, the new unit is the largest in 
Texas. 

Use oF PULVERIZED CoaL Is INcREASING 


Another station which is making power plant history 
in the Southwest is the Comal plant at New Braunfels, 
Texas. This plant on the San Antonio Public Service 
Co. system is being extended by the U. G. I. Contract- 
ing Co., as shown by Fig. 1, for the installation of a 
30,000-kw. unit and two 1800-hp. boilers. The new 
condenser is a 35,000-sq. ft. unit and circulating water, 
obtained from a large spring, flows through by gravity. 
The new boilers, only one of which will be installed at 
present, will have a furnace volume of about 23,000 eu. 
ft. and about 2000 sq. ft. of water walls. The station 
successfully burns pulverized Texas lignite with a moist- 
ure content of from 30 to 40 per cent and the rating 
of the old boilers is being increased from 300 to 400 per 
cent. The central pulverized coal system is used. 

Pulverized lignite is also being successfully burned 
at the Trinidad station of the Texas Power & Light Co., 
shown in Fig. 2, where two 20,000-kw. units are in- 
stalled. The ultimate capacity of the station is 160,000 
kw. This station also has the central system. Four 
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1875-hp., 425-lb. boilers, each with 2520 sq. ft. of water 
walls are installed. Trinidad was one of the first sta- 
tions to use condensers with both ends of the tubes 
rolled into the tube sheets. With the bad circulating 
water conditidns, almost complete elimination of con- 
denser leakage was necessary and reports from both of 
the 20,000 sq. ft. units have been favorable. 


New Unir ror La PALMA 

As the system of the Central & South West Utilities 
Co. is more extended, it has depended more upon smaller 
stations. At the Victoria station of the Central Power 
& Light Co., a 3000-kw. unit is being added to the two 
3000-kw. units already installed, and at the La Palma 
station of the same company, they are planning to add 
10,000 kw. to the 14,000 kw. already installed. 


DETAILS OF THE FUEL CONSUMPTION AND 
SEV- 


TABLE II. 
POWER PRODUCTION OF PUBLIC UTILITIES FOR 
ERAL SOUTHWESTERN STATES 





Puel Consumed Electric Power in Kw-hr. 





Coal oil | Gas 


M_tons| M dbl. | Mil.Cu.Ft. Total 
bt 


Puel | By Water 








Colorado 455 19 

Kansas 315 5,384 643 

Oklahoma 189 5,464 

New Mexico 25 
Texas 215 
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Colorado 28 . 
Kansas 49 
Oklahoma “13 
New Mexico 8 
Texas 60 37 2,675 
107 4,224 
































Farther north, at the San Angelo station of the 
American Public Service Co., a 5000-kw. turbine and a 
new 500-hp. gas fired boiler have already been put into 
service. This gives a total station capacity of 15,000 
kw., supplied with steam by four 325-lb. boilers. The 
Lake Pauline station, a new gas fired plant with one 
15,000-kw. bleeder turbine installed and an ultimate 
capacity of 45,000 kw., has been put into service re- 
cently. Sargent & Lundy, Inc., designed the plant. 
This station will operate at 400 Ib. 700 deg. F., will use 
natural gas for fuel with oil for standby and will have 
air preheaters on each of the three 1000-hp. boilers. 
The Weleetka station of the Oklahoma Public Service 
Co. with an ultimate capacity of 45,000 kw. and an in- 
stalled capacity of 15,000 kw. also burns natural gas 
and has now been in operation about a year. 

In the Oklahoma Gas & Electric system, serving a 
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FIG. 6. AT HUTCHINSON, KANSAS, A NEW 12,500-kw. UNIT 
HAS BEEN INSTALLED BY THE UNITED POWER & LIGHT 
CORP. OF KANSAS 


large part of the State of Oklahoma, Horseshoe Lake, 
Byng and Riverbank stations are the newer plants 
which carry a large part of the load. Last fall, a con- 
struction record was established by the Byllesby Engi- 
neering & Management Corp. in installing two 6000- 
kw. machines at Byng station. The first unit was placed 
on the line in 84 days from the time the plans were 
made. The total capacity of the plant is now 17,000 
kw. Natural gas is used as fuel. 

At Horseshoe Lake, shown in the headpiece, the 
same company has just completed and put into service 
a 30,000-kw. unit which brings the total installed capac- 
ity to 65,000 kw. in three units. The new unit is bled 
at three points for feed water heating and the operation 








“FIG. 7. VIEW OF THE PRESENT NO. 6 BOILER IN THE 

DEEPWATER STATION OF THE HOUSTON LIGHTING & 

POWER CO. WITH CONSTRUCTION UNDER WAY FOR THE 
INSTALLATION OF ADDITIONAL CAPACITY 
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of single effect evaporators. Coal is used as fuel and 
the plant now has a total of eight boilers, four stoker 
fired and four pulverized coal fired. 


The Texas-Louisiana Power Co., which has com- 
pleted or rebuilt some 12 or 14 stations during the past 
year, depends principally on Diesel engines, although 
it has two steam plants, one at Alamogordo, New 
Mexico, burning wood waste from a nearby lumber mill 
and the other a completely rebuilt station at Fort 
Stockton, Texas, using natural gas as fuel. 


AiR PREHEATERS USED WITH WoopwasTE FURNACES 


Further north in New Mexico and southern Colo- 
rado, the Federal Light & Traction system has a new 
wood-waste burning plant at Bernalillo, New Mexico, 
and a new pulverized coal burning plant at Dawson, 
New Mexico. The Bernalillo plant operates at 400 lb. on 
sawmill refuse containing about 50 per cent moisture. 
An interesting feature is the use of preheated air and 
the system for hogging, conveying, storing and reclaim- 
ing the fuel. 

At Dawson a 400-lb., 710-hp. boiler fired by two unit 
pulverizers is installed. Power is generated by a 5000- 
kv.a. unit and the station is designed to furnish all the 
electrical requirements of two mining properties in the 
vicinity, the excess energy being absorbed in the trans- 
mission system of the Trinidad Electric Transmission 
& Gas Co., which extends north from Dawson and sup- 
plies a large mining district in northern New Mexico 
and southern Colorado. The transmission system inter- 
connects with three other systems, two of which are also 
mine mouth. 

Valmont Station of the Public Service Co. of Colo- 
rado, although not new, is one of the pioneer power 
stations of the west and its success with burning Colo- 
rado lignite has done much to put the use of pulverized 
coal on a firmer basis. The installed capacity is 45,000 
kw. in two units. The boiler capacity of the El Paso 
station of the El Paso Electric Co. has been increased 
recently by the addition of a 1066-hp., stoker-fired 
boiler. 

At Hutchinson, Kansas, the 12,500-kw. unit shown 
in Fig. 6 has recently been put into service and serves 
the system of the United Power & Light Corp. of Kan- 
sas. This installation, made by McClellan & Junkers- 
feld, triples the capacity of the plant and ultimately 
they plan to replace the three smaller machines with 
two more 12,500 kw. units similar to the one just in- 
stalled. 

Numerous other installations are planned and many 
smaller ones are already under way, so that the few 
stations mentioned above do not by any means show 
the complete power development or resources of this 
territory. They are simply high lights showing the 
general trend of the industry. No attempt has been 
made in this survey to cover the water power or Diesel 
engine development, which, although relatively small 
when compared on a kilowatt-hour basis, has been of 
extreme importance, especially in the early development 
of the industry in this territory, as it has made power 
available in practically all communities. 
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Problems Met in Waste-Heat Boiler Operation 


EXTREME CARE ESSENTIAL TO PREVENT AIR INFILTRATION AND SLAG ON TUBES. 


O THE casual observer, an installation of waste- 

heat boilers in a cement plant represents an ideal 
layout with little upkeep after the original investment ; 
but to the man responsible for the continuous opera- 
tion, the waste-heat boiler presents an entirely different 
view. 

Waste gases from the rotary kilns during the manu- 
facture of Portland cement clinker in a dry process 
mill, will contain about 5 per cent of the raw material. 
Allowing 600 lb. raw material per barrel, we get 30 lb. 
of dust to be handled for each barrel of clinker pro- 
duced; and in a 5000-bbl. plant, this represents about 
75 t. of dust. to be handled each 24 hr. 

In a properly constructed equalizing flue, at least 
50 per cent of this dust should be deposited before 
reaching the boilers and can be returned to the mill 
stream by proper conveyors and elevators. Of the other 
50 per cent, or 371% t., at least 15 t. will be deposited 
on the tubes of the boilers each 24 hr. period and must 
be removed to allow for proper heat transfer. 


FIG. 2. CLEANLINESS A CHARAC- 
TERISTIC OF WELL OPERATED 
WASTE-HEAT BOILER 


To give the best results, the equalizing flue between 
kilns and boilers should be designed to give short’ gas 
travel and also large enough to reduce the velocity of 
gas and thereby precipitate a large amount of the en- 
trained dust. This dust can be removed by means of 
spiral conveyors and can be returned by means of 
bucket elevators to the mill stream. The equalizing flue 
as well as all connecting necks can be constructed of 


FIG. 3. VARIABLE SPEED MOTOR 
DRIVING DOUBLE INLET FAN 


By E. M. Ayers 


concrete and lined with one course each of Sil-o-cel and 
fire brick. Air leakage into this flue can be held to a 
minimum by constant searching with a hand oil torch 
to detect leaks; but still there will be enough air infiltra- 











. 1. AISLES OVER FAN FLUE IN FRONT OF WASTE- 
HEAT BOILERS 
a 








FIG. 4. VIEW OF FANS FROM 
ABOVE SHOWING DISCHARGE 
STACKS AND STEAM HEADER 


tion into this flue to complete a secondary combustion 
with the CO gases coming from the kilns. 

Secondary combustion of the gases in a waste-heat 
boiler installation presents one of the problems of an 
operator. The raw feed pipe to the kilns, the seal rings 
where the kiln enters the housing and the various clean- 
ing doors of the system all present places for air in- 
filtration. 
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By carefully watching this air infiltration, it can be 
kept to a minimum; but enough carbon monoxide must 
be present in the gases coming from the kilns to form 
complete combustion with this air and thereby main- 
tain the temperatures of the kiln gases, or else the in- 
coming air will mix with the gases and thereby reduce 
the temperature with a resultant loss to the boilers. 
The trained operator will soon learn to tell, by his eye, 
when these gases are correct. A flue gas analysis, how- 
ever, should be run to assist the operator in his search 
for air leaks. At one plant where the author ran a 


series of tests, an average of 21 per cent CO,, 314 per 
cent O and no CO gas was noted and the average tem- 
peratures of the gases were 1300 deg. F. 


DIFFICULTIES IN MAINTAINING CLEAN TUBES 


Where the gases are heavily laden with raw dust 
and secondary combustion exists, the dust is reddish 
brown and not nearly so hard as ordinary clinker, and 


TEMPERATURE AND OPERATING CONDITIONS THAT 
HAVE GIVEN BEST RESULTS IN WASTE-HEAT BOILER 
INSTALLATION 





High 
1320 


Average 
1284 





Gas entering lst pass, deg. F. 





Gas entering 2nd pass, deg. F. ; ; 822 





Gas entering 3rd pass, deg. F. 692 
Gas entering 4th pass, deg. F. 560 








Gas entering economizer, deg. F. 528 





Gas leaving economizer, deg. F. 404 





Feedwater entering economizer, deg. F. 173 





Feedwater leaving economizer, deg. F. é 274 





Steam leaving boiler, deg. F. 390 





Steam leaving superheater, deg. F. 490 





Steam at turbine throttle, deg. F. 490 
Draft on kilns, in. 
Draft entering lst pass, in. water 





water 








Draft entering 2n@ pass, in. water 





Draft entering ard pass, in. water 





Draft entering 4th pass, in. water 





Draft entering economizer, in. water 




















Draft at fan, in. water 





is easily removed where proper facilities for handling 
have been provided. Where this secondary combustion 
takes place in a boiler, a large amount of steam will be 
generated ; but this dust will build up among the tubes 
and will quickly close gas passage ways if not removed 
by the use of hand lances. Ordinary dusting with 
either compressed air or steam will not remove it. The 
tube blower must be a conscientious workman, as his 
work is hot and monotonous. It is hard to detect his 
deficiencies until the passes are clogged with dirt and 
the draft suffers in consequence. 

Compressed air offers the easiest method of remov- 
ing the dust, although a number of boiler manufacturers 
recommend steam for hand lances. Their claims of 
higher temperatures and greater pressures for the steam 
_ as compared to the cooling effect of the compressed air 
against the tubes, will hardly offset the expense of suit- 
able hose for steam and also the danger of scalding 
from hose leakage. 
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Mechanical soot blowers are satisfactory for cleaning 
super heaters but considerable trouble has been experi- 
enced from a sand blasting effect on tubes when 
mechanical soot blowers have been applied to clean 
tubes. 

Quite often the dust will accumulate in the corners 
of the first pass at a point impossible to clean through 
the ordinary doors provided for cleaning. Some boiler 
manufacturers provide stay bolts in the bottom row of 
front header with openings large enough to admit a 
pipe for blowing. This is quite advantageous to re- 
move dust from corners. 

In some recent plants, a concrete flue is constructed 
to which all boilers are connected and from which all 
fans draw away. This allows for greater flexibility of 
operation. 

The fans supplying the draft are usually driven by 
a.c. variable speed motors, and the amount of draft 
should be controlled by kiln burners in order to secure 
the best kiln operations. 

Large hoppers should be provided underneath each 
pass to collect dust and then other means provided to 
return this dust to mill stream. 


1700 Lb. Pressure Engine 


O UTILIZE steam at the high pressure developed 

in the Benson and similar boilers, such as the sys- 
tems of Professor S. Léffler of Charlottenburg Technical 
High School, Wiever Locomotive Works near Vienna 
has constructed a 2000-kw. installation consisting of two 
vertical reciprocating engines of 400 kw. output each 
to take steam at 1700 Ib. per sq. in..and 900 deg. F., 
exhausting at 170 lb. and 390 to 445 deg. F. Exhaust 
steam is used in a 1200-kw. engine of different type. 

Each 1700-lb. engine has a double-acting cylinder 
634 by 1734 in. running at 300 r.p.m. with mean effec- 
tive pressure of 570 lb. per sq. in. Geared to the crank- 
shaft is a vertical shaft to operate a horizontal lay shaft 
alongside the cylinders. Eccentrics on this lay shaft 
operate valves in the cylinder heads to control steam 
distribution. 

Metallic packing and soft packing rings are used in 
stuffing-boxes, while forced lubrication supplies the 
cylinder and crosshead and shaft bearings. 


LOFFLER BomLER SUPPLIES STEAM 


Two drums, 3114 in. by 23 ft., are used in the boiler, 
which can generate 16,500 lb. of steam an hour. Grate 
area is 80.7 sq. ft. with air preheater surface of 2153 
sq. ft., raising air temperature to 300 to 390 deg. F. 
The feedwater heater has the same amount of surface 
and the superheater 1776 sq. ft. 

Thermal efficiency of 30 per cent is claimed and cost 
not much greater than for a plant to operate at 400 to 
700 Ib. pressure. 

Hot air and oil fumes are carried away by a hood 
and duct extending from above the cylinder to out- 
doors. 


Every Hour of lost time is a chance of future mis- 
fortune.—Napoleon I. 
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Tendencies in Boiler Design 


Summary oF DESIGN AND OPERATION Ex- 
PERIENCE WITH BOILERS, SUPERHEATERS AND 
EcoNoMIZERS AS Reportep sy N. E. L. A. 


Pe TENDENCIES of power stations in the 
past few years has been toward greater size in 
generating units and high steaming capacity in boilers. 
The tendency of design in these large boiler units has 
been toward increased efficiency at higher ratings and 
the maintenance of these ratings over long periods of 
time. New problems of operation have, therefore, been 
presented requiring new methods and new types of 
boiler apparatus. 

High sustained ratings have been made possible by 
the introduction of water for steam-cooled furnace sur- 
face. Water walls have been connected into the boiler 
circulation and the high rates of heat absorption of these 
walls and the consequent high velocities have made 
necessary extreme care in order to avoid circulation diffi- 
culties. These have appeared in several instances, but 


have been overcome by balancing velocities between the 
water walls and the boiler proper. 


RADIANT AND INTERDECK SUPERHEATERS FLATTEN THE 
TEMPERATURE CURVE 


Radiant superheaters have passed through several 
years of development. Superheaters of this type using 
forged steel elements and large end clearance have, in 
a number of instances, been reported as requiring no 
excessive maintenance. The drooping temperature char- 
acteristic of the radiant type and the fact that with the 
large boilers a considerable portion of the furnace wall 
surface must be water cooled has led many companies 
to adopt either additional convection superheater sur- 
face in series or to use only one superheater in an inter- 
deck position. Either the interdeck alone or the com- 
bination tends to flatten the rating temperature curve. 

In fact, the interdeck superheater has a temperature 
characteristic quite similar to those resulting from the 
usual installation of a combination of convection and 
radiant superheater surface. The interdeck type gen- 
erally requires more space which, in many instances, 
is more than offset by the greater cost of the combina- 
tion superheater. In the radiant superheater, the varia- 
tion in pressure drop and velocity over the lowest range 
impose serious design difficulties in boilers of high ea- 
pacity, making operation at low steam output hazardous 
to the life of the tubes. 


SincLE SuPERHEATER HEADERS ARE DESIRABLE 


With superheaters designed for high temperatures, 
it is desirable to employ large headers with single inlet 
and outlet connections. By this means, it is possible to 
confine the greater part of the pressure drop to the ele- 
ments themselves and secure better steam distribution 
than where a large part of the pressure drop occurs in 
the steam header. 

Th ratio of water storage capacity and steam lib- 
erating surface to the evaporating surface of the boiler 
which was considered adequate for boilers operating 
under the conditions of a few years ago is now being 
found insufficient under the present high rates of driv- 
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ing. This is particularly true under conditions of flue- 
tuating loads and irregular combustion. 


HieH Pressure FrepwaTer Contron Has BEEN 
IMPROVED 


Several new installations of large boilers have been 
designed for three drums. With large storage capacity, 
it is possible to increase temporarily the output of the 
boiler without a corresponding increase in either com- 
bustion rate or amount of feedwater. This is of value 
in taking care of emergency conditions such as those 
caused by sudden load demands and by the dropping 
of a boiler. In addition, the hazard due to failure of 
boiler feed supply is lessened. 

One of the weaknesses of feedwater control is that 
heretofore it has been based on water level in the boiler 
drum alone. A sudden failure of air supply to the 
furnace will cause a reduction in the water level in the 
boiler drum caused by shrinkage of the water and steam 
mixture. This will result in the feedwater regulator 
opening the valves wide until the proper level is reached. 

When the rated steaming has been restored, the 
water level in the drum will be too high and there is 
danger of flooding the steam lines. Regulators are now 
being offered in which water flow is controlled by the 
rates of steaming, provided the water level is main- 
tained within certain maximum or minimum levels. 

Due to the limitations imposed by the conventional 
form of economizers, the steaming type of economizer 
has recently been introduced. The arrangement of this 
type is such that the water flow is upward and the~ 
economizer is, of necessity, located below the boiler water 
level. A combination of this type permits the compact 
arrangement of boiler and economizer surface, avoiding 
some of the limitations ordinarily encountered in de- 
signs in which the conventional type of economizer is 
employed. 


Borer Capacity INcREASED BY Bypass AROUND 
InpucEeD Drart Fan 


In modern installations, it sometimes happens that 
induced draft fan capacity limits the boiler steaming 
capacity. Two companies have endeavored to circum- 
vent this by an arrangement to bypass part of the 
gases around the economizer. This not only prevents 
steam forming in the economizer but also reduces the 
draft loss, thereby increasing the boiler capacity at the 
expense of economy. Since the induced draft fan will 
have to handle gas of higher temperature and corre- 
spondingly higher specific volume and since the weight 
of gas will be still farther increased by the drop in effi- 
ciency, the increase in capacity is somewhat limited. 

Difficulties with imperfect steel castings in which 
leaks have appeared, sometimes long after the apparatus 
has been in service,-have caused many companies to in- 
sist on forged steel headers. 


WeicutT of internal combustion engines is being re- 
duced for aero and vehicle use. A Bristol Mereury 900- 
hp. engine has been built at 11 oz. per hp., complete 
with auxiliary gear. An experimental Diesel weighs 
7 lb. per hp., while commercial high-speed Diesels weigh 
15 to 35 lb. per hp. in sizes from 300 hp. to 30 hp. 
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Drying Coal for Pulverizing 


ADVANTAGES OF DryinG, RESULTS OBTAINED 
AND MEtTHOpS EmpuLoyep. By H. G. LykKEN* 


OISTURE IN COAL, particularly that portion 

generally termed free moisture, affects its grind- 
ability to a greater extent than is generally supposed. 
All coals are not affected to the same degree by a given 
percentage of free moisture. There are, however, so few 
data available on this subject that no definite relation- 
ship ean be established. 

Effect of moisture in coal is to lessen the capacity 
of the grinding mills, increase power, increase metal 
wear, reduce degree of fineness—any or all of these in 
all types of mills. Some types of mills are affected 
more than others. None will pulverize really wet coal, 
as the product would be paste and not pulverized coal. 

Coal must be dried, if it is wet, either in the mill by 
air, heated if necessary and passing through the grind- 
ing chamber, or it must be dried before going to the 
mill. Lignite, subbituminous and nearly all midcon- 
tinental coals that are more or less tough should be 
dried even beyond the removal of the surface or free 
moisture. 


DryiInG oF CoAL BEFORE PULVERIZING 


Much work has been done at the University of North 
Dakota on the drying of lignites in various types of 
dryers. A special investigation is now going forward. 
particularly with waste-heat, direct-contact dryers, 
under the direction of Dr. A. W. Gauger and R. L. 
Sutherland. Predrying of bituminous coals has been 
standard practice for many years, using a great variety 
of dryers. There is a great deal of accumulated experi- 
ence in the matter of predrying coal, but there is little 
pointing to an easy and satisfactory solution of the 
problem. 

Coals that need to be dried the most, the tougher 
lignites and sub-bituminous coals, cannot be safely 
dried down to a state of greatest grindability. Most 
of these coals, particularly the lignites, fire easily in 
the dryer. Only a partial drying can be effected in most 
types of dryers, and many of these coals fire in storage 
if dried down to anything approximating a moisture 
free condition. 


Dryina CoaL IN Mitt DurING PULVERIZATION 


Consideration of these factors led the writer some 
years ago to endeavor to improve the drying condition 
in the pulverizer, in fact making drying and pulveriza- 
tion one operation. A pulverizer was designed to take 
as much air as possible through the grinding chamber; 
in fact, it would take all the air required for combustion 
when the mill was to be used for direct firing. It can 
readily be seen that a large amount of heat can be 
supplied to the coal in this way. 

Using 13 lb. of air per pound of coal, heated to 350 
deg. F., which can readily be obtained from the flue 
gases by air preheaters or from air-cooled furnace walls, 
10 per cent of moisture can be taken care of with a 
" resultant temperature of the coal and air mixture going 
out of 275 deg. in round numbers. Sufficient heat can 
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be introduced to take care of any possible moisture con- 
tent. It is possible to maintain the drying temperature 
considerably above 212 deg. under ordinary conditions. 
The desired object is the heating of the coal during 
the reduction to as high a temperature as possible in 
order to drive out every vestige of the mechanical 
moisture. The more nearly all the moisture is driven 
off, the more friable is the coal. As a matter of fact, 
nearly all coals become equally grindable when moisture 
free. Lignite and subbituminous coals must in addi- 
tion be hot, as only in that condition will they be mois- 
ture-free and maintain maximum friability. 


RESULTS OBTAINED WHEN DRYING IN THE MIL 


To facilitate the maximum heating of the coal, it is 
fed into the entering hot air stream, swept around the 
rotor by the air, then up into a separating chamber. 
The air and fines leave at this point. The oversize is 
returned to the grinding chamber against the ascending 
hot air stream. Any given particle repeats the journey 
around the rotor once, then into the separating chamber 
and back, all the time subjected to the hot atmosphere 
till finally reduced. 


Some remarkable results are obtained by this treat- 
ment. Frozen lignite slack, containing 36 per cent 
moisture as fed to the mill, pulverizes with the greatest 
ease, aS is evidenced by a continuous mill output of 
25 per cent to 30 per cent in excess of the mill rating, 
based on normal bituminous coal. Iowa and Northern 
Illinois subbituminous coal, containing 20 per cent 
moisture and normally considered hard to pulverize, 
become friable and make it possible to obtain an output 
considerably in excess of the normal ratings of the mill. 
Power consumption and metal wear are remarkably 
low and comparable with many of ‘the more friable 
Eastern coals. 


BENEFICIAL EFFECTS OF DRYING 


While these observations are necessarily confined to 
one particular type of mill, there is reason to believe 
that the same results would be obtained in any mill 
where the coal can be similarly heated, or by preheating 
the coal and feeding it hot directly to the mill. It must 
be observed, however, that in preheating the coal going 
to the mill, it would be necessary to have a higher tem- 
perature differential and time element to get the heat 
into the larger particles to drive off anything but sur- 
face moisture. 

Raw coals, particularly when they contain a large 
percentage of free moisture, vary several hundred per 
eent in grindability. That is, a mill of a given rating 
and power input may pulverize 4000 lb. per hr. of 
commercially dry New River coal and not be able to 
pulverize 1000 Ib. of wet lignite or subbituminous coal. 
Drying and heating the coal reduces this spread to a 
negligible amount. 

Drying in the mills seems the more acceptable prac- 
tice, particularly when the mill is used for direct firing. 
Where coal is pulverized into storage, lower tempera- 
tures would have to be employed and perhaps less dry- 
ing to obviate firing in storage. Waste gases instead 
of air could be used. Some means would have to be 
devised to separate the finished product from the gas 
which would have to be discharged to the atmosphere 
to earry away the moisture. 
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Cost of Turbine Water Rate Increase 


SMALL PERCENTAGE INCREASE IN TURBINE WATER Rate. May Propuce Com- 
By Roger W. ANDREWS 


PARATIVELY LARGE INCREASE IN Power Cost. 


with Age of Units in the June 15 issue of Power 
N AN ARTICLE on Turbine Water Rates Increase 
Plant Engineering, appeared some interesting turbine 
water rates. While many companies have kept compara- 
tive water rate figures, usually they are rather jealously 
guarded or, if they are kept, they are not taken over 
such a length of time. It is quite valuable to engineers to 
note the rather conclusive evidence of turbine age affect- 
ing water rate as shown in Table I taken from the 
article. We are all familiar with the fact that wear and 
tear due to either erosion or corrosion, or both, mean an 
inerease in the steam required for a given kilowatt out- 
put but there is one phase of this matter that is not 
given the serious consideration that it should have: 
that is the ‘‘dollars and cents’’ results of this gradual 
inerease in water rate. 


CHANGING THE WATER RATES TO DoLuAR RATES SHOWS 
A SURPRISING INCREASE 


Casual inspection of Table I would seem to indicate 
that the results are excellent. As engineers, we are too 
prone at times to figure in percentages rather than to 


SHOWING AVERAGE ANNUAL WATER RATE 


INCREASE FOR SEVERAL TURBINES 


TABLE I. 
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We now observe that after an average of 7.4 yr. use 
of these 10 turbines, the average water rate has gone 
up 0.722 lb. per kw-hr.—today it requires 0.722 more 
pounds of steam to generate a kw-hr. 


FIGURING THE INCREASE IN Cost 
These 10 turbines have a total efficient load of 
108,000 kw-hr. The average water rate when new was 


TABLE II. REARRANGEMENT OF DATA FROM TABLE I 
TO SHOW TOTAL WATER RATE INCREASE 
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take those percentages and work them out into dollar 
costs. And when, on a casual glance at this table; it 
appears that over an average of 7.4 yr. the turbine 
water rate on some ten different units increased an aver- 
age of 0.78 per cent per year, we are inclined to feel 
that that certainly is good performance. 

I have no intention of criticizing these figures but 
I should like to eall attention to additional tabulations, 
as my intention is to show the dollar rates instead of 
the water rates, coincident with those figures. Let us 
take the same figures and tabulate them differently; 
i. e., the water rate in pounds per kilowatt-hour when 
new as compared with the water rate in pounds per 
kilowatt-hour at the present time. These data are 
shown in Table II. 


13.03 Ib. per kw-hr. and is now 13.752 lb. per kw-hr. 
To produce the 108,000 kw-hr. when new required 
1,407,240 lb. of steam per hour, whereas they now re- 
quire, to produce the same kilowatt output, 1,485,216 
lb. per hr.; i. e., today those turbines require 77,976 lb. 
of steam per hour more to produce the same kilowatt 
output than they did an average of 7.4 yr. ago. To 
visualize this, note the following table to which an addi- 
tional column has been added to indicate the boiler 
horsepower required. 


Water Rate, 
Ave. Lb. 
per kw-hr. 
13.03 
13.752 
Difference 


Boiler 
Horsepower 
Required* 
46,908 
49,507 

2,599 


Total Steam 
Required 
per hr. 
1,407,240 
1,485,216 
77,976 


Total kw. 


108,000 
108,000 


Now carrying this out into the dollar kilowatt rate, 
or whatever you wish to call the actual money cost of 4 
production, shows an astonishing increase in the cost of 
production of electricity. An average of $80 per year 
per boiler horsepower produced seems to be fairly gen- 
eral. Since for the output of 108,000 kw-hr. the Detroit 
Edison Co. in operating these 10 turbines today re- 
quired to generate 2599 additional boiler horsepower, as 
against what was required for the same kilowatt output 
when the turbines were new, it is costing today $207,920 
per year more to produce the same kilowatt output. 
That is, at the end of 7.4 yr. the cost of producing 
108,000 kw. was an increase of this amount for the final 
year: 

Now let us assume that the increase in cost began 
at zero and went up at a constant rate until it reached 


*Using nominal figure of 30 lb. steam per hr. per boiler 
horsepower. 








$207,920 at the end of 7.4 yr. The curve of this would 
be a straight line and the average increase per year 
would be $207,920 —- 2 while for the total period it cost 
on this basis 7.4 « ($207,920 — 2) = $769,304 more 
to produce the 108,000 kw-hr. from these 10 turbines 
than it would have had it been possible to keep the water 
rate as it was when the turbines were new. In other 
words, for the same kilowatt output it has cost the com- 
pany over three-quarters of a million dollars, more than 
it would have cost if in some way the original turbine 
water rate could have been maintained. It is now cost- 
ing nearly a quarter of a million dollars a year more 
than it did 7.4 yr. ago. 

Above calculations are based upon the figures given 
in the article; i., 108,000 kw-hr. total power. Of 
course, these turbines in actual service are not deliver- 
ing this output constantly. From data I have, I under- 
stand that the actual capacity factor is about 50 per 
cent, so that the foregoing figures should be ‘cut approx- 
imately in half to be fairly accurate regarding the exist- 
ing operation. But the principle involved remains the 
same and the serious factor of increasing water rate and 
its effect upon cost of production are not materially 
changed. 

I believe that such figures bring out more clearly the 
commercial or financial aspect, which is really what 
should be worked toward in the consideration of any 
such figures, than does just the plain table of percentage 
increase as was published. They should also bring out 
quite clearly the fact that the attention should be paid 
to every factor which can help in reducing the turbine 
erosion and corrosion or, conversely, the great care that 
should be taken to keep the turbine water rate from 


increasing. 


Electric Steam Generators 


Popular in Switzerland 
By Cuas. J. WEBB 


} os SWITZERLAND it is now the usual practice in 
raising steam by electricity to resort to electrode 
steam generators connected direct to the high tension 
supply. In the ease of three-phase current from 3000 
to 8000 v., the electrode boilers can be designed for 
capacities from about 300 kw. to 5000 kw. These elec- 
trode steam generators are suited for utilizing surplus 
electric energy especially for night current which can be 
obtained at low rates from hydroelectric power stations 
and in some cases even from steam electric stations, as 
the sale of night current may be advantageous when 
one or more boilers has to be kept under pressure for 
standby purposes. 

Equipment shown in the illustration was recently 
installed in a rubber works. The capacity of the plant 
is 600 kw. at 5200 v. and the steam produced during 
the day is led directly to the rubber presses and 
cookers. The other boilers have not been fired a single 
time since the installation of the electric boiler, a fact 
that testifies to the reliability of this method of raising 
- steam. 

In a hospital installation, a steam accumulator with 
a storage capacity of 2500 kw-hr. is used in connection 
with the electric boilers. This accumulator is loaded 
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up to a pressure of 170 lb. per sq. in. and supplies the 
steam through a reducing valve at any desired pressure 
below that when the electrode boiler is not in operation. 
The hospital requires steam and hot water for the 
kitchen as well as for the laundry. Hot water, heated 
in a separate counterflow heater by means of steam 
generated in the electrode boiler, is stored in large tanks. 
The boiler fulfills the double function of supplying both 
steam and hot water. 

Two similar boilers each for 1000 kw. at 6000 v. 
have recently been ordered for an installation in Eng- 
land. In this case, the power required is obtained from 
a steam station at a reduced rate during the night. The 
low cost of the boiler, the small space needed and the 
limited attendance required are important advantages 
for an installation of this kind, while the fact that no 
coal storage is necessary, cinders can be dispensed with 











A TYPICAL ELECTRIC STEAM GENERATOR INSTALLATION 
COMPLETE WITH SWITCHBOARD 


‘and smoke eliminated are also factors of no little im- 


portance. 

Steam output can be regulated by varying the level 
of the water. The maximum output corresponds to the 
highest level of the water so that the entire length of 
the electrode is in contact with the water. Electrodes 
are separated by insulators of simple design arranged on 
an iron frame fitted inside the boiler. The entire unit 
works as a star connected plant with the boiler acting 
as the neutral point. 

Tests show that the efficiency of the plant may run 
up to 98 per cent. For protection, provision is made for 
a triple pole oil circuit breaker mounted on the control 
panel and fitted with three overload relays. As a 
further safeguard, two water contacts are provided, the 
upper one switching off the feed pump if the water 
reaches a too high level, while the lower one causes the 
main circuit breaker to open when the level of the 
water drops too low. 


BECAUSE THE SAFETY of human life often depends 
upon the accuracy of pressure gages on steam boilers or 
other pressure equipment, the American Engineering 
Standards Committee has been asked by the American 
Society of Mechanical Engineers to approve the estab- 
lishment of national standards for these instruments. 
Besides decreasing the accident hazard, it is expected 
that the work will benefit manufacturers and purchas- 
ers of gages by replacing the great number of sizes and 
types now being manufactured by a comparatively 
small number of standard sizes and types. 
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Investigation of Back Pressures on Engine 


y 


HieaH Rance or Back PreEssurES USED IN INDUSTRIES GivES RISE 
to Stupy oF EFFrects ON Four-VALVE ENGINE. By F. E. Troxe.* 


ELATIVELY low back pressure on a stationary 
steam engine is quite a common occurrence, in fact, 
it seems to be coming more and more into popular use 
for furnishing process steam in various kinds of indus- 
tries and for heating systems and similar service. When 
we say ‘‘relatively low back pressure’’, we think of 


Crank End Head End 125 
2} 1b back pres 
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/4 (b. back pres. 
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pressure can be easily taken care of, as the engine can 
be designed and properly adjusted to operate on any 
reasonable fixed condition but it is the variable back 
pressure that complicates the problem and the wider 
the range the greater the difficulty. 

Recently, the Ridgway Works of the Elliott Co. had 
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INDICATOR CARDS FROM A FOUR-VALVE, 28 BY 28-IN. ENGINE 2% TO 50 LB. BACK PRESSURE WITHOUT 


ADJUSTMENT TO EXHAUST VALVES. STEAM PRESSURE, 125 LB., SPRING SCALE 80 LB. PER IN., 165 R.P.M. 


anything from say, 3 lb. up to 10 lb. gage, but above 
this and especially up to 40 or 50 lb. is considered 
quite high. 

Where an engine has to operate on a varying back 
pressure, say from 0 to 10 lb., some mechanical means 
is nearly always provided to make adjustments for this 
change. It might be done either by the use of auxiliary 
clearance pockets or some mechanical change in the 
adjustment of the exhaust valves and can be either 
hand. operated. or automatically controlled. A range 
of back pressure of 5 lb. or more is nearly always pro- 
vided for by some sort of adjustment. A constant back 
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occasion to investigate the possibility of applying a wide 
range of back pressure to a standard four-valve engine 
without making any mechanical change or adjustments 
to the exhaust valves during the change in back pres- 
sure. Two series of tests were made and an interesting 
set of indicator cards were taken which are reproduced 
herewith. These cards represent only. results obtained 
on short duration tests on the company’s test floor and 
are not the result of a long period of operation under 
this wide range of back pressure, so it should be under- 
stood that this article does: not recommend. @ range of - 
back pressure from 0 to 50 lb. without any mechanical 
adjustme.at to the engine. It does seem, however, that 
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a range of from 0 to 10 or 15 lb. is quite feasible and 
that a range of 20 to 25 lb. might be possible with care- 
ful design and study. 

In the two series of tests referred to above, the first 
was made on a standard four-valve engine, just as it 
had been set for the shop test and ready for shipment 
and is shown by cards No. 1 to 5. For the second series 
of tests, shown by ecards No. 6 to 10, the exhaust valves 
were readjusted to reduce the compression to 70 Ib., 
whereas the initial compression for the first series of 
cards was up to 80 lb..as shown on card No. 1. The 
engine used was a standard 21 by 28-in. four-valve or 
non-releasing Corliss type shown in 2 running 165 
r.p.m. with 125 lb. pressure in the steam line about 
20 ft. from the engine, which would mean that the pres- 
sure in the steam chest would be perhaps 120 lb. or 
less, and this accounts for some of the apparent drop 
in steam pressure shown on cards No. 1 to 6. The scale 
of the indicator spring was 80 lb. per in. and the load 
applied was from 120 to 130 kw. on the first series and 
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TYPE OF ENGINE AND GENERATOR USED IN THE 
TEST 


FIG. 2 


from 180 to 190 kw. on the second series. The engine 
was direct connected to a 300-kw. generator and the 
load applied by means of an air cooled rheostat. 

Back pressure was applied by means of an ordinary 
gate valve in the exhaust line and this made it quite 
difficult to regulate the pressure above 30 lb., as the 
valve was so nearly closed that a very small turn of the 
handwheel made quite a change in the back pressure. 
This made it difficult to hold the back pressure at 50 Ib. 
and, in fact, the gage ran up to 60 lb. for a few seconds 
just before the ecard in No. 10 was taken. The tem- 
porary exhaust line used on the test floor had not been 
put up to stand such high pressure so naturally a num- 
ber of leaky joints developed and steam was blowing in 
several directions. 


EXPLANATION OF CARD VARIATION 


Referring to the indicator cards a little more in de- 
tail, No. 1 shows the ecard that was taken from the 
standard engine just as it was set ready for shipment, 
showing the compression running up to 80 lb. The back 
_ pressure was built up by intervals of 3 to 5 lb., but a 
jump to 14 lb. is shown in No. 2, as the compression 
increased only gradually until at this pressure it has 
reached the 125 lb. initial pressure in the steam line. 
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At 18 lb. back pressure, little change is shown while 
somewhere between 18 and 23 lb., a loop begins to de- 
velop in the admission line. No. 5 shows a back pres- 
sure of 28 lb. which is the maximum reached for the 
first series of tests and the compression runs up to 147 
Ib. with a considerable loop on the admission line. 


No. 6 shows how the compression was reduced to 
70 lb. for the second series of tests, which still gives a 
good looking card and a smooth running engine. The 
15 lb. back pressure shown on card No. 7 has raised 
the compression pressure only up to 95 lb. and at 
25 and 30 lb. back pressure it runs only a little over 
the initial steam pressure of 125 lb. At the extreme 
back pressure of 50 lb., the compression goes up to 
only 145 lb. which is 2 lb. less than that shown for the 
28 lb. back pressure card on the original setting. The 
cutoff has increased to 60 per cent or better and it is 
interesting to note that the toe of the card has retained 
its pointed shape throughout the entire range, showing 
that the governor has increased the cutoff to maintain 
the load and incidentally there was only a little change 
in the speed. , 

Up to 30 lb. back pressure, the engine ran compara- 
tively smooth, while at 50 lb. back pressure it was hard 
to tell how the engine was running on account of the 
steam blowing out of the exhaust line and the popping 
of the cylinder relief valves. The steam and exhaust 
valves were not forced off of their seats by the excessive 
compression because they are ground or lapped in and 
clearance is not sufficient to allow any lifting. If the 
valves have enough clearance for any vertical movement, 
the engine would run excessively noisily whenever the 
compression exceeds the initial pressure or whenever 
the terminal pressure inside the cylinder is lower than 
the back pressure. ‘ 

It should be remembered that as the back pressure 
is inereased, the capacity of the engine is correspond- 
ingly reduced, just the same as if the initial steam pres- 
sure yere reduced the same amount. It is the net dif- 
ference between the initial steam pressure and the back 
pressure that the engine has to produce useful power, 
so with 25 lb. of back pressure, in this case, we only 
have a net pressure of 100 Ib. to be used by the engine 
and the cutoff must therefore be increased to carry the 
same load. 

For card No. 6, the load applied was 197 kw. which 
is nearly 2/3 of the 300-kw. full load rating of the 
engine generator unit. With 30 lb. of back pressure 
as shown in No. 9, this same load has increased the cut- 
off to a point where it should be considered as full load 
thereby reducing the capacity of the engine cylinder 
by about one-third. 

By way of conclusion, it should be emphasized again 
that these indicator cards represent only short duration 
runs on the test floor and not the results of .a long 
period of operation. Some interesting facts, however, 
are shown which may be considered as a fair representa- 
tion of the possibilities along this line. It is not rea- 
sonable to expect an engine to run smoothly and quietly 
under such a wide range of back pressure, but it should 
be quite possible to make adjustments for smooth run- 
ning at the average back pressure and get good results 
with a-certain amount of variation above or below this 
average. 
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Diesel Plant in S. Dakota Has Novel Features 


INTERCHANGE OF HEAT BETWEEN JACKET WATER AND FUEL Om Is ONE OF THE 


NoveEL FEATURES OF MADISON PLANT THAT SAVES EXPENSE. 


ITHIN the past 30 yr. during which it has grown 

from a few hundred inhabitants to a present popu- 
lation of 4500, Madison, South Dakota, has used three 
different types of motive power for its municipal elec- 
tric plant. At first, steam was employed and during 
this time the revenues from service rendered seldom 
equalled the operating cost, in any year. In 1909, 
producer gas engines were installed. 


By Cuas. A. TRIMMER* 


required overload on the engine and was otherwise 
unsatisfactory for the test, a water rheostat consisting 
of two wooden tanks 10 ft. in diameter and 2 ft. deep, 
was rigged up for this purpose. A framework above 
the tanks served to support the main leads from the 
generator, each of which was equipped at the terminal 
with a 4 by 6-in. copper plate 14 in. thick. Each ter- 
minal was supported from the framework by a small 








FIG. 1. GENERAL VIEW OF ENGINE 


In 1915, when additional capacity was needed, the 
city installed its first Diesel—a 365-hp., four-cylinder 
engine direct connected to a 240-kw. two-phase gen- 
erator operating at 0.8 p.f. with motor driven exciter. 
This unit was installed at a total cost of about $35,000 
and was paid for entirely out of earnings accumulated 
during 6 yr. of operation by producer gas. 

When this Diesel unit was installed, it was given a 
thorough and accurate test principally to determine 
the fuel and lubricating oil consumption. As the 
normal load at the plant was insufficient to secure the 


*Consulting Engineer, Madison, So. Dak. 


ee 


ROOM SHOWING LOCATION AND ARRANGEMENT OF SWITCHBOARD 


rope block which served as a convenient and accurate 
means of regulating the amount of immersion and in 
turn the amount of load on the generator. 

This test was carried over a 24-hr. period through 
the various load stages of 14, 14, 34, full load and 
ended with a 2-hr. run at 10 per cent overload. The 
tanks were filled with water and arrangements made 
for supplying fresh water to the tanks to avoid over- 
heating during the test by placing a barrel above and 
between the main tanks, the barrel being provided with 
two small hose connections near the bottom, one leading 
to each tank, the barrel in turn being supplied with a 
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continuous stream of fresh water through a line of fire 
hose attached to a nearby hydrant. <A hole bored in 
each tank near the top, with a short length of 1-in. 
pipe inserted, served to control and confine the overflow 
from the tanks. This arrangement worked satisfac- 
torily, the load could be accurately regulated and the 
results were also entirely satisfactory. The results of 
this test as to total fuel consumption at the various 
loads, also the kilowatt-hours per gallon of fuel at the 
various stages of load are shown by the accompanying 
graph. 
ELEcTRIC SYSTEM CHANGED AFTER FIRE 


Fire destroyed the building and producer gas engine 
and damaged the Diesel engine and its generator in 


[INITIAL AND INSTALLATION COST COMPARISONS OF 
ENGINES INSTALLED 
Unit Unit Unit Unit 
Hoel Ho.2 Ho.3 No.4 
Size, hp. 600 
<a a a 
Cost of Engine ° ° J . ° 
Cost per hp. $118.00 $118.00 $53.03 "963.23 


1918 but the engine was repaired and the generator re- 
wound three-phase and the entire system changed over 
to three-phase. After about 6 mo. delay, the Diesel 
engine was again placed in service and for 1 yr. car- 
ried the entire load of the city, amounting to 450 hp. 
and operating 24 hr. daily except for a 4-hr. shutdown 
each Sunday. 

After enlarging and rebuilding the plant in 1920, 
two 250-hp., four-cylinder Diesel engines, direct-con- 
nected to three-phase generators and with direct con- 
nected exciters, and all necessary auxiliary equipment, 
were installed. The new building was designed to ac- 
commodate an additional generating unit which was 
installed and placed in operation early in 1927. The 
new engine, which is a 600-hp., six-cylinder Diesel 
direct-connected to a 410-kw. generator, raised the rated 
capacity of the plant to 1465-hp. All units are Busch- 
Sulzer Bros., type B, vertical four-cycle, air injection 
Diesel engines with self contained air compressors. 

All foundations are of concrete, 8 ft. deep and of 
the standard length required by the manufacturers for 
the type and size of engines installed. The two 250-hp. 
engines are installed on a single foundation 25 ft. wide, 
the foundation for the 365-hp. and 600-hp. engines be- 
ing 14 ft. wide. 


Fi.verep AIR FOR ENGINES 


Each engine, except the new 600-hp. unit, is 
equipped with an individual Reed air filter on the air 
compressor and a large cabinet type filter containing 12 
standard Reed units supplies clean air to the cylinder 
of all four engines. 

To take care of crank case oil, a DeLaval oil purifier 
has been installed, the old type filter units furnished 
with the 365-hp. and 250-hp. engines having been re- 
moved and replaced with steel tanks of approximately 
100 gal. capacity each. Under normal operating con- 
ditions, each engine is shut down for a few hours during 
each 24-hr. period, thus allowing ample time to purify 
the oil while the unit is out of service, the oil in each 
unit being run through the purifier about three times 
each week. The operating temperature of the oil never 
exceeds about 130 deg. F., which is too cold for obtain- 
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ing the best efficiency through the purifier, and an im- 
mersion type electric oil heater is installed in the 
discharge line to the purifier by means of which the 
temperature of the oil is raised to 180 deg. F., at which 
temperature much better results are obtained in the 
removal of foreign or objectionable matter. 


Prior to 1924, cooling water for the engines was 
taken from the city supply, passed through the engine 
jackets and then to the sewer, no provisions having been 
made for cooling and recirculating. Fuel oil storage 
consisted of 21,000-gal. capacity in two steel tanks 
mounted above ground, housed in a frame building and 
heated by steam from the main building heating plant, 
the cost of heating fuel oil amounting to $1000 to $1200 
per yr. 

Fueu Oi Storep IN CONCRETE TANK 


Early in 1924, construction was begun on an 80,000- 
gal. capacity reénforced concrete underground fuel oil 
storage tank, which was surmounted by a 36,000-gal. 
water cooling pond with necessary cooling tower, cir- 
culating pumps, piping, ete., for cooling and recirculat- 
ing the cooling water for the engines. The fuel oil tank 


% CYL. DIESEL ENGINE 
FUEL- 26-26 DEG. B. FUEL OIL 
COST OF FUEL-4%3.85 PER GAL. 
DURATION OF TEST- 24 HOURS 
LOAD OBTAINED BY WATER 


FUEL- GALLONS 


2 
KW-HR.PER GAL OF FUEL 





2a 


60 100 120 +0 160 160 200 220 240 260 


LOAD - kw. 


FIELD TEST OF 365-HP. DIESEL ENGINE SHOWS 
GOOD PERFORMANCE 


FIG, 2. 


is divided by solid concrete walls into four separate 
tanks 12 ft. by 38 ft. 6 in. by 6 ft. of approximately 
20,000 gal. capacity each. 

Fuel oil in these tanks is heated by a hot water 
system utilizing the hot cooling water from the engines. 


- The structure was built at the required elevation to 


bring the wormal water level in the pond 6 in. below 
the engine room floor level, thus providing a total head 
of about 4 ft. 6 in. from outlet funnels on the engines 
to the surface of the water in the pond. 

Cooling water from the engines is carried from the 
engine room through a 6-in. pipe into a gallery running 
along one end of the four oil tanks. At each tank, a 
3-in. drop passes through the end wall into the oil tank, 
where it connects to a header from which eight lines 


-of 114-in. pipe, laid one foot above the oil tank floor, 


run the length of the tank, converging into a similar 
header at the opposite end of the tank and from which 
header a 3-in. pipe raises through the roof of the oil 
tank, which is the floor of the cooling pond, to the cool- 
ing pond above, thus securing gravity flow from the 
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engines through the oil tanks and thence to the cooling 
pond. 


Fureut System WorkKs WELL IN CoLD WEATHER 


This system has gone through the last four winters 
with outside temperatures of 25 to 35 deg. F. below 
zero and at no time has there been the least difficulty in 
keeping the oil in storage at a satisfactory flowing tem- 
perature. 

Fuel used is 26—28 deg. Baume fuel oil. The cooling 
water leaves the engines at about 110 deg. F., and fuel 
is pumped hourly direct from storage to the individual 
supply tanks provided for each engine. 

Fuel oil is from the Oklahoma fields, the first car 
purchased in August, 1915, costing 3.85 cents per gal. 
The price reached a maximum of about 9 cents during 
1919 and 1920 and is slightly less than 514 cents at the 
present time. This price includes freight and handling 
and ‘is the cost in storage at the plant. No pumping 
cost is incurred in unloading as the oil flows by gravity 
from tank ears to storage, although steam is required 
to secure a flowing temperature if oil is delivered in cold 
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FIG. 3. CENTRIFUGAL OIL PURIFIER CLARIFIES ALL 
CRANKCASE OIL 
weather. A motor driven 114-in. Viking pump having 


a capacity of 35 g.p.m. is used to deliver oil from stor- 
age to the engine supply tanks in the engine room. 

This fuel heating system accomplishes the double 
purpose of cooling the water and heating the fuel ade- 
quately for our requirements. It has entirely elim- 
inated a former expense item of $1000 to $1200 a year 
and in addition saves from 50,000 to 60,000 gal. of 
water for cooling purposes a day. The cost of this 
installation complete was about $13,000. 


CooLtine Water SysTEM 


Water cooling is accomplished by an open type sys- 
tem with gravity flow from the engines to the cooling 
pond. When the discharge is not flowing through the 
oil tank it is bypassed directly to a hot water compart- 
ment in one corner of the cooling pond, whence it is 
pumped over the cooling tower to the cold water com- 
partment of the pond. There are three 150-g.p.m. 
Allis-Chalmers circulating pumps direct connected to 
5-hp., 220-v. three-phase, 1700-r.p.m. Allis-Chalmers 
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motors. Each pump has a capacity sufficient to supply 
all of the four engines. The cooling pond is 36-ft. by 
50-ft. and 3 ft. 3 in. in depth, the normal water depth 
being 2 ft. 9 in. The entire structure, oil storage tank 
and cooling pond is of reénforced concrete. The tower 
is in four sections, each section being 4 ft. wide, 8 ft. 
long and 11 ft. high. Water is distributed over the top 
of the tower through a 2-in. perforated pipe with two 
lines of 14-in. holes on 3-in. centers and located at 45 
deg. up from the bottom center. 














FIG. 4. 


COOLING POND SHOWING CONSTRUCTION OF 
TOWER WHICH IS MADE UP OF FOUR SECTIONS 


Normal operating schedule provides one pump on 
cold water to the engines, one on hot water to the 
cooling tower and one pump in reserve. With cooling 
pond operation, the inlet water temperature to the 
engines averages 65 to 70 deg. F. and the outlet tempera- 
ture is maintained at 108 to 112 deg. F. by regulating 
valves on the cooling water inlet to each engine cylinder, 
air compressor and water cooled exhaust piping. 

Makeup in the cooling system amounts to about 2500 
gal. a day and is supplied, through a meter, from a 
connection to the city water supply, being delivered into 
the cold water suction line to the circulating pumps. 
Installation of a softener is contemplated. 


ELECTRICAL FEATURES 


Safety, convenience and accessibility governed the 
design of the switchboard. Current is generated at 
2300-v., three-phase, 60-cycles and all main switches, as 
well as other high-voltage equipment are mounted on a 
pipe framework 7 ft. to the rear of the board, all 
switches being remote controlled through operating 
levers carried below the floor. This switch supporting 
framework is placed 4 ft. clear of the back wall of the 
switchboard room, thus allowing ample space for mak- 
ing repairs, alterations or adjustments. 

Series street lighting equipment, also transformers 
for plant lights and low voltage power are housed in a 
subway station outside of, and adjoining, the main 
building, the series circuits being controlled by ordi- 
nary oil switches on both primary and secondary and 
operated from the main switchboard like other commer- 
cial cireuits. All feeders circuits also leave the plant 
underground through this subway station, being carried 
about one-half block to the nearest street corner before 
coming out overhead, thus keeping clear the space im- 
mediately in front of the plant which is generally clut- 
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tered up with the usual mass of wires, cables, poles, 
cross arms, guys, ete., and giving to the plant an unusu- 
ally neat and clean appearance. 

Monolithic reénforeed concrete was used in the con- 
struction of the building which is provided throughout 
with brick curtain walls and steel sash. The building 
was designed to afford the utmost in safety and operat- 
ing convenience. y 

The roof is a 20-yr. Barrett tar and gravel on reén- 
foreed Pyrobar slab deck carried on 8-in. I-beam purlins 
supported on steel roof trusses. The engine room is 38 
ft. by 66 ft. in plan and 24 ft. from floor to bottom 
chord of roof trusses. A 5-t. hand-operated Whiting 


crane spans the short dimension of the engine room, 
traveling the entire length and providing efficient and 





FIG. 5. REAR VIEW OF SWITCHBOARD SHOWING AC- 
CESSIBILITY AND SAFETY OF ARRANGEMENT 


convenient means for handling parts and equipment in 
making changes and repairs. 

Housing the switchboard is a bay 14 ft. wide and 13 
ft. high which extends the full length of the main 
building on the north side, a section of this, 13 ft. wide, 
heing partitioned off at the west end of the building for 
an office. In 1926, an addition to the building was con- 
structed on the south, the general design, materials and 
construction conforming to that of the main building. 
This addition is 29 ft. wide and extends the full length 
of the main building and is 16 ft. high, the east 20 ft. 
of this addition being 40 ft. wide to accommodate the 
waterworks pumps, the floor of this portion of the 
building being 7 ft. below the engine room floor. 


This addition also provides a general work room 17 
ft. by 29 ft., a small machine shop equipped with a 
13-in. by 5-ft. motor-driven lathe, a motor-driven 21-in. 
floor type power feed drill press, bench, vise, tool cab- 
inets, ete. A dressing room with individual lockers, 
also toilet,.lavatory and shower bath are provided. A 
basement room 8 ft. by 16 ft. and situated about mid- 
way of the length of the engine room is provided. for 
the DeLaval oil purifier and auxiliary equipment. 
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Exceptional lighting provided by an abundance of 
glass in the daytime and flood lighting at night per- 
vades the entire building. The main building is pro- 
vided with sixteen 200-w. lamps with reflectors, mounted 
on the lower chords of the roof trusses, and general 
lighting is carried out on this general plan throughout 
other parts of the building. The engine room is fur- 
ther lighted by six 200-w. bracket lights mounted on 
the wall 10 ft. above the floor. 

_ Lighting of the switchboard is by three 200-w. 
lamps mounted about 3 ft. above and to the front of 
the board and provided with flood-lighting reflectors. 
Three 200-w. ceiling lights provide an abundance of 
light back of the switchboard. Numerous wall re- 
ceptacles are conveniently located for attaching exten- 
sion lights for inspection and repair work. Lights with 
suitable reflectors are mounted permanently over each 
group of gages on the air bottles for the engines and 
also in the engine pits for convenience in reading the 
thermometers on lubricating systems. 

To aid in the matter of general cleanliness and also 
for the lighting effect obtainable, the entire inside of 
the building including the under side of the roof dock, 
trusses, ete., is painted snow white, with the exception 
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TERISTICS OF PLANT 


FIG. 6. LOAD 


of a painted wainscot 6 ft. high in a mottled combina- 
tion of colors cleverly blended. The floor is. of con- 
erete, painted in a pleasing shade of blue-gray, an oil- 
proof special concrete floor paint being furnished by the 
Pittsburgh Plate Glass Co. and known as Florhide 
enamel. This is effective in preventing the concrete 
floor from becoming oil stained as any oil spots are 
easily and readily removed. Such equipment as engines, 
generators, exciters, pumps and piping is painted a 
light blue-gray in a shade slightly darker than the floor. 

Continuity of service has set an enviable record for 
a plant of this size in that commercial or domestic light- 
ing or power service has not been off the lines due to 
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engine or plant trouble more than a total of 40 min. 
since February, 1920. 

All commercial and domestic houses and all indus- 
tries in the city are furnished with electric light and 
power. Growth in the load from 1922 to 1927, as 
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cooling pond, an important addition to the plant build- 
ing and installation of the 600-hp. unit, together with 
innumerable smaller additions and improvements, all 
of which have been paid for entirely out of the earnings. 

In addition to these improvements, $14,000 of old 
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shown in Fig. 5, indicates satisfaction of service and 
moreover the financial success of the plant is indicated 
by the fact that since 1921 when earnings by the rebuilt 
plant became available, more than $100,000 has been 
put back into improvements in and extensions to the 
property such as rebuilding the distribution system, an 
extensive street lighting system, fuel oil storage and 
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USED 


LOG SHEETS 

electric light bonds issued in 1909 for the purchase of 
producer and gas engines which were destroyed by fire 
and $28,000 of the 1919 issue of bonds for the present 
plant have been retired and the city is in position to 
retire $20,000 to $25,000 additional in bonds whenever 
they may be available. This total sum of $62,000 to 
$67,000 is also entirely from earnings since 1920. 
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DETAILED REPORT OF OPERATING COST OF MUNICIPAL 
ELECTRIC LIGHT PLANT, MADISON, S. D., 
FOR THE YEAR 1927 








Consolidated 
Report 
at 0.8p.f. (4 units, No. 1, 168; No. 2, 
240, and Nw. 4, 410 kw.) 


Item 

Kw Capacity, 

‘68; No. 3, 

‘-ur. Generated 

Einsg’ pe hours run 

Running capacity use factor 

Yearly capacity use factor 

Year’s fuel, gal 

Year’s lub. o%', gal., cyl. and case 

Year’s lub. oil, gal., comp. and gov 

Kw-hr., per gal. fuel.. 

Kw-hr., per gal. lub. oil, 

Peak load fer the year 

Operating Costs: 

Year’s fuel oil, at 0.05912 cents per gal 

Year’s lub. oil, cyl. and case at 79 cents per gal., 

Comp. and gov. at 81 cents per gal., total ‘ 

Year’s supplies (rags, waste, etc.).......eeeeeeeee 

Year’s salary and wages, plant employes 

Year’s repairs 

Insurance, comp. for employes and property ins. 
or plant 

Unit cust per kw-hr.: 

Plant, fuel 

Lubrication 

Supplies 

Salaries 

Repairs 

Insurance 0.000 

Distribution, salaries.$0.002 

Miscellaneous 0.000 

Material 

Insurance 

Bond interest 

Total Cost 


cyl. case, comp. and gov... 


$ 10,264.87 
1,608.76 


931.98 
10,833.58 
2,078.17* 


445.62 


26,162.98 


$0.00764 


4,000.00 $ 14,948.73 
$0.02102 


$ 41,111.71 
77,378.62 


Net operating profit $ 36,266.91 


NOTE: The above statement of “Operating income” includes 
no allowance for street lighting, power for pumping city 
water, or for lighting the city schools and public library, 
which services are furnished without charge. j 

*Includes maintenance on building, $1320.00; 


J 1 balance of 
amount is engine repairs. 





As will be noted from the accompanying operating 
cost record for the year 1927, the plant, after paying 
all operating and maintenance costs, ineluding interest 
on outstanding bonds, is now returning an operating 
profit of more than $35,000 a year, which is all the more 
significant when it is noted that all current for street 
lighting, pumping city water, lighting the city schools, 
public library and other city buildings as well as pump- 
ing sewage at the sewage disposal plant, is furnished 
free. No charge whatever is made for these services, 
which if paid for at a nominal rate, would amount to 
an additional $20,000 or more per year. 


Rates charged for city electric service are as follows: 


Light—First 200 kw-hr. at 10 cents per kw-hr. 
Next 500 kw-hr. at 9 cents per kw-hr. 
All over 700 kw-hr. at 8 cents per kw-hr. 
Minimum rate $1.00 per mo. 


Heat—First 100 kw-hr. at 41% cents per kw-hr. 
Next 400 kw-hr. at 4 cents per kw-hr. 
All over 500 kw-hr. at 31% cents per kw-hr. 
Minimum rate, $3.00 per mo. 


Power—First 100 kw-hr. at 6 cents per kw-hr. 
Next 200 kw-hr. at 5 cents per kw-hr. 
Next 300 kw-hr. at 4 cents per kw-hr. 
All over 600 kw-hr. at 3 cents per kw-hr. 


Complete record keeping, hence efficient man- 
agement, characterizes this plant. Hourly readings, re- 
- eorded on a daily log, are summarized on a monthly log 
as shown in Fig. 7. The operating personnel of the 
plant consists of one chief engineer, three operating 
engineers and three helpers who work in 8-hr. shifts. 


ENGINEERING 


October 1, 1928 


University Plant Under 


Construction 
OST OF THE STEEL WORK for the boiler room 
and coal bunkers, the stack and a large portion 
of the stone work of the new power plant of the Kansas 
State Agricultural College at Manhattan, Kansas, is 
completed and it is expected that the plant will be 
finished about January 1. 

They will generate power at 2300-v., 2-phase, 60-cycle 
and will operate in parallel with the public utility com- 
pany, making only enough power to supply steam 
needed for heating. From the old plant they will move 
one 125-kw. and one 250-kw. unaflow engine and will 
purchase either a new 750-kw. turbine or a new 500-kw. 
engine generator set. 








CONSTRUCTION WORK ON THE NEW KANSAS STATE 
AGRICULTURAL COLLEGE POWER PLANT IS PROGRES- 
SING RAPIDLY 


Two 500 and one 400-hp. boilers will be moved from 
the old plant and a new 500 or 750-hp. boiler purchased. 
They will all operate at 200 lb. pressure. The boilers 
will be stoker fired with oil and possibly gas for standby 
service. One of the features of the plant will be the 
coal bunker and boiler room construction which will 
give the maximum light and ventilation to the boiler 
room and by means of an enclosed conveyor and bunker 
housing, eliminate coal dust from the rest of the plant. 


INSTALLATION of the 35,000-kw. turbine generator 
at the High Bridge Station of Northern States Power 
Co. at St. Paul, Minn., to replace a unit damaged early 
in January, will begin at an early date, according to 
H. W. Fuller, vice president in charge of engineering 
and construction, Byllesby Engineering and Manage- 
ment Corp. Shipment is about to be made from the 
factory and installation will proceed on a double shift 
basis as soon as the unit reaches St. Paul. It is ex- 
pected that the installation will be completed and the 
turbine be ready for service by November 1. 

Completion of the 21,600-kw. Chippewa Falls hydro- 
electric station of the company in Wisconsin, approxi- 
mately two months ahead of the scheduled date, pro- 
vides sufficient power to meet the system demand until 
the St. Paul unit is ready for service, which will. be in 
advance of the heavy winter peak. 
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Electricity---What It Is and How It Acts’ 


Part X. REASON FOR THE DIFFERENCE BETWEEN INSULATORS 


AND ConpucTorS. EFFECT OF 
O FAR, in this study of electricity, we have con- 
cerned ourselves mainly with the reasons for elec- 
trical conduction in various materials. In this article 
we are going to try to learn something about insulators. 


FIG. 1. HYPOTHETICAL ATOM OF AN INSULATING MEDIUM 
NOT IN AN ELECTRIC FIELD 


What is an insulator? What is the difference between 
an insulator and a conductor? 

In the preceding article, we learned that the elec- 
trical resistance of a solid conductor is dependent upon 
two things; the arrangement of the atoms and the 
degree of tightness with which the electrons are bound 
to the atom. 


It must be evident that if the distance between atoms 


is relatively great and if the electrons are bound to the 
atom so tightly that no ordinary potential gradient can 
loosen any of them, no current can flow. Substances in 
which this state of affairs prevails are known as insu- 
lators. 

Naturally, there is no sharp dividing line between 
substances which may be classified as insulators and 
those which may be classified as conductors. Whether a 
substance is to be classified as an insulator or a con- 
ductor depends largely upon the purposes for which it 
is to be used. Insulators are really high resistance con- 
ductors with very high negative temperature coefficients. 

Furthermore, a substance will not always remain an 
insulator for, as the electric potential across an insu- 
lator is gradually increased, it is reasonable to suppose 
that finally a value of potential will be reached where 
the force tending to release an electron from an atom 
will overcome the attractive force of the nucleus and 
the electron will be freed. This is the point at which 
we say an insulator breaks down. Even such fine insu- 
lators as glass, mica and porcelain break down if the 
potential. is high enough. _ This action will be discussed 
in greater detail in a subsequent paragraph. 
~—*All rights reserved. 


Fretp ON ATOMS OF DIELECTRIC 


Below the breakdown potential, insulators are in- 
capable of conducting current, but when placed in an 
electric field, certain changes take place within the atoms 
which are extremely interesting. When an insulator is 
placed in an electric field, the atoms considered as com- 
plete units will not be affected. Being electrically neu- 
tral, they will not be urged one way or another. This, 
however, is not true of their component parts, the nuclei 
and the electrons, for under the action of the field the 
electrons tend to move in one direction and the nuclei 
in an opposite direction. The movement of these ele- 
ments is limited by the forces inherent in the atom itself 
so the effect of the field is a shift of the electron ring 
or orbit with respect to the positive nucleus. The mag- 
nitude of this shift or displacement will be such that the 
internal forces of the atom tending to keep the positive: 
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ATOM OF INSULATING MATERIAL SHOWN IN FIG. 
1 IN AN ELECTRIC FIELD 


Due to the action of the field, the nucleus tends to move toward 

the negative pole while the orbital electrons tend to move 

toward the positive-pole. They are restrained from leaving the 

atom, however, due to the internal forces. This results in the 
. atom being distorted. 


FIG. 2. 


charge and the electron orbits centered with respect to 
each other, will exactly balance the force of the field on 
it due to the external charge. 

This is illustrated in Figs. 1 and 2, which show a 
hypothetical atom. When no electric field is present, 
the electrons are arranged around the nucleus in the 
normal manner as shown in Fig. 1. Under the influence 
of the electric field, however, the nucleus which is posi- 
tively charged tends to move toward the negative pole, 
producing the field while the orbital electrons tend to 
move toward the positive pole. This results in a distor- 
tion of the electronic orbits as well as a displacement 
of the nucleus from its central position, as shown in 
Fig. 2. For an instant, there is an actual movement of 
these elements but this ceases when the attractive force - 
of the nucleus, tending to pull the electrons back to their 
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normal configuration, is exactly balanced by the op- 
posing force of the external field. The effect of an 
electric field on an insulating medium is thus to produce 
a displacement or distortion of the atomic structure 
which is proportional to the field intensity. 


PoTrentTIAL ENERGY OF FIELD ABSORBED BY DISTORTED 
ATOM 


This distortion, requiring for its establishment a 
certain amount of work on the part of the field, results 
in an absorption of a corresponding amount of energy 
which is a portion of the potential energy of the field. 
The amount of potential energy thus stored in the 
atoms of the insulating medium depends upon the value 
of the charge producing the field, on the internal atomic 
forces limiting the displacement of the atomic structure, 






































FIG. 3. WHAT HAPPENS TO AN ATOM OF INSULATING 
MATERIAL IN AN INTENSE ELECTRIC FIELD 
As the field strength increases, a value is reached finally where 
the force due to the field overcomes the attraction of the 
nucleus for one of the external electrons, which results in the 
latter being torn away. 


and in the number of atoms per unit volume of the 
insulator. It thus depends upon the nature of the 
insulator commonly termed the dielectric. 


DIELECTRIC CONSTANT 


In an earlier article’, it was shown that the produc- 
tion of an electric field was accompanied by a storage of 
potential energy in the field. Now, we find that when 
an insulating medium is placed in this field, part of the 
potential energy originally stored in the field is used in 
effecting the atomic distortion of the medium. Thus, 
the amount of energy remaining in the field is decreased 
by an amount represented by the ratio 1/k, which is 
evidently dependent upon the nature of the insulating 
material. 

In order to restore the potential energy in the field 
to the value it would have in the absence of the insulat- 
ing material, it is necessary, therefore, to increase the 
value of the charge producing the field from a value of 
e to a value of e’ such that 


e+e’ =k 


The value k, which is characteristic of the dielectric 
material, is called the dielectric constant of the material. 
Its value varies for different materials, being approxi- 
mately 1.00059 for air, 2.23 for turpentine, 5.6 to 6.6 
for mica, 8 for glass and 80 for water. “ 

Before we wandered off to this discussion of the 
meaning of the term dielectric constant, we left the 
atoms of our insulating material in a state of distortion 
or strain. Let us see whether we can’t get them back 
in shape again. 


1Part V, July 15 issue, page 778. 
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THEORY OF INSULATION BREAKDOWN 


As long as the electric field remains, the atoms re- 
main distorted. If the field strength decreases, the 
forces in the atom pull the electrons back to their nor- 
mal positions. Suppose, however, that the field strength 
is increased ; then, what will happen? 


Simply this: as the field strength gradually in- 
creases, finally, a value is reached such that the force 
tending to distort the atom overcomes the force of the 
nucleus tending to keep the outermost electrons in place, 
and the outer electrons ‘‘let go’’ so to speak. This 
occurs in only a few atoms perhaps—those in which 
the bond between the electron and the nucleus is 
weakest. 


As these liberated electrons start to move through 
the insulator, they collide with other atomic systems 
and since these are all in a state of severe strain, they 
in turn part with their outermost electrons. In a short 
time, the cumulative effect of this action results in a 
complete disintegration of the insulator at the point of 
breakdown. This explains why a good insulator such 
as glass or mica will retain its high insulating qualities 
up to the very moment of breakdown. 


DIELECTRIC CONSTANTS FOR VARIOUS SUBSTANCES 








Values of 

dielectric 

constant 
1.0 

4 to10 

5.6 to 6.6 

2 .to 

ae ae 

1.5 to 

2.5 to 


Substances 


Paraffin 

Paper, dry 

Paper (treated as used in cables) 
Porcelain, unglazed 

Sulphur 


Beeswax 


Celluloid 

Wood, maple, dry 

Wood, oak, dry 

Molded insulating material, shellac base.... 

Molded insulating material, phenolic base 
(‘‘bakelite’’) 

Vuleanized fibre 

Castor oil 

Transformer oil 

Water, distilled 

Cottonseed oil 





This theory of insulator failure is only one of many 
and in practice is the least serious, since it is governed 
entirely by the value of the electric field. Many other 
things affect insulator behavior, such as temperature, 
presence of gas within the dielectric, moisture, conduct- 
ing particles and none of these are as easily controlled 
as is the field strength. The theory of insulator break- 
down is an extremely important one in electrical engi- 
neering and it has received a great deal of discussion. 
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Only the most fundamental aspect of this subject will 
receive consideration here. 


OTHER Factors AFFECTING PERFORMANCE OF INSULATORS 

Among the various factors which affect the per. 
formance of insulators, an important one is tempera- 
ture. As the temperature of the dielectric is raised, the 
atoms and molecules undergo increased agitation with 
the result that collisions become more frequent and 
violent. These collisions contribute to the weakening 
of the bond between the electrons and their respective 
nuclei and if at the same time the insulator is heated, 
the electric field is applied, the combination of forces 
tending to liberate the electrons will finally result in a 
partial breakdown of the insulator in the manner al- 
ready described. Generally such a partial breakdown 
due to heating is followed rapidly by the complete 
breakdown of the insulator. 

Many substances which at ordinary temperatures 
are good insulators, at very high temperatures become 
fairly good conductors. Glass, for instance, is a most 
excellent insulator at normal temperatures, yet if it is 
heated to red heat by an external source, it becomes a 
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fairly good conductor and if the potential applied is 
sufficiently high, enough current will pass through it to 
melt it. Molten glass thus becomes a good conductor. 

Another factor affecting the performance of. insulat- 
ing material is the homogeneity of its structure. It is 
evident that if the material contains any minute voids 
in which gases might collect, these gas pockets may, 
under favorable circumstances, become the seat of gase- 
ous ionization. Such ionization would result in heating 
with a consequent lowering of the insulating properties 
of the material. 


Thus the electron not only explains the difference 
between conductors and insulators but also gives us the 
reason why insulators do not remain insulators. Before 
we leave this subject of insulators, we shall discuss more 
fully in the next article, the peculiar storage of energy 
in the distorted atoms of insulators. This has an im- 
portant application in electrical engineering, in the 
static condenser or capacitor. After we have considered 
the theory and action of the condenser, further aspects 
of the electron in conducting materials will be con- 
sidered. 


Improving Oil Circuit Breaker Service 


Correct SPEED OF OPERATION IS AN IMPORTANT FACTOR 


IN REDUCING MAINTENANCE. 


OUR FACTORS determine the successful operation 

of any machine. First, the design of the machine 
must be such that it has the inherent ability to do the 
work for which it is built. Second, the building of the 
machine must be done in accordance with good maehine 
practice. Third, the machine must be suitable for the 
work which it is expected to do. Fourth, after the 
machine is well designed, built according to good ma- 
chine practice and correctly applied, it must be properly 
installed and intelligently maintained if it is to give 
satisfactory service. 

In the correct sense as defined by the American 
Institute of Electrical Engineers, an oil circuit breaker 
is ‘‘A device other than a fuse, for opening a circuit 
under infrequent and abnormal conditions.’’ It is de- 
signed and built for just such service as described in 
the above definition. Where operation is frequent, the 
amount of maintenance required may seem high but 
usually a careful study of the service will disclose the 


cause. 


Ou. Circurr BREAKERS DESIGNED TO ACT IN TIME OF 
TROUBLE 


Oil breakers are primarily designed to interrupt or 


open a circuit in time of trouble. The demand at such 
a time is for speedy action; usually it is expected that 
the breaker will receive the impulse, act upon it and 
clear the circuit in approximately one-half second after 
the trouble occurs. Such rapid action requires readiness 
in the breaker to start quickly from a standstill, in 
either the open or closed position, and to stop almost 
instantaneously at either end of the stroke, after it has 
been accelerated and has attained a high speed of 


travel. 
*Circuit Breaker Engineer, Westinghouse Electric & Mfg. 
oO. 


By H. J. Lineau* 

Starting and stopping the breaker contacts at high . 
speed puts additional strains on the breaker mechanism 
and parts. It is also destructive to all materials, as 
such starting and stopping cannot usually be cushioned 
to absorb more than a small portion of the energy. In 
this respect, circuit breakers differ from the average 
piece of machinery where acceleration and deceleration 
is a more gradual process. 


Contacts Must BE FREE To Move 


Any mis-alinement of parts, or too tight fitting of 
bearings will retard acceleration from either position 
with the consequent slowing down of the breaker con- 
tacts, which is not only detrimental to system stability 
but also has an adverse effect on the ability of the 
breaker to clear a line in ease of trouble. Take, for 
instance, the case of a small breaker of moderate rating. 
In such a breaker, the duration of areing occurs for 
only three or four cycles of 60-cycle current. If the 
period of arcing continues for a much longer time, gas 
pressures are built up in the tank which may be destruc- 
tive to the breaker. 

Since the amount of gas formed is a product of the 
intensity of the are and the duration, it logically follows 
that the quicker the are is extinguished, the smaller 
will be the quantity of gas formed. The arc is finally 
extinguished when the contacts have parted such a dis‘ 
tance that the dielectric strength of the oil has ex- 
ceeded the value of the potential across the breaker 
between the contacts. a 

It follows that the higher contact travel speed will 
result in greater break in a given time. Then, other 
factors being equal, an efficient breaker will be one in 
which the contacts part far enough to prevent reéstab- 
lishing the are, in such a time that only a safe amount 
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of gas will be formed by the are. It is not intended to 
leave the impression by the above that speed of break, 
or break distance alone, are the only factors controlling 
the interrupting ability of an oil circuit breaker. Many 
other factors enter in but since this article is intended 
to deal with maintenance and trouble analysis, other 
features will not be discussed here. 










SPEED OF OPERATION Must Bre Correct 






From the preceding paragraphs, however, it can be 
assumed that there is an operating speed which will 
give best results without detriment to the breaker mech- 
anism. Slower speed will seriously reduce the ability 
of the breaker to interrupt current at or near its rating. 






















































TYPICAL CIRCUIT BREAKER CONTACTS, SHOWING MAIN 
AND AUXILIARY CONTACTS 





An operating speed which is too high will be detri- 
mental to the breaker parts, and reduce the life of its 
mechanical parts, or require more than average main- 
tenance. 

As previously mentioned, misalinement of parts or 
tight bearings on cranks, pins and so forth, tend to 
reduce the speed. Dirt accumulating on pins and joints 
still further slows down the speed of moving parts. A 
great deal of study has been put into the design of 
breakers by the manufacturers to obtain the best all 
around efficiency. In order that the operator may obtain 
the benefit of this effort, it is necessary that the breaker 
be installed so that friction and binding of moving parts 
is reduced to the minimum without incurring extreme 
installation expense. A long step in this direction has 
been taken by the manufaeturers themselves “in later 
years, in the production of truck type oil circuit 
breakers and other unit assemblies of breakers and 
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mechanisms in which all parts are correctly lined up 
and adjusted by the manufacturer. 

All breakers built by reputable manufacturers 
undergo a mechanical test before shipment and are 
adjusted to work at the correct speed for which the 
breaker was designed, when operated with normal con- 
trol voltage on the operating mechanism, in the case of 
electrically operated breakers. Hand or manually 
operated breakers, when trip free of the operating 
handle, are provided with sufficient acceleration to pro- 
vide a satisfactory opening speed. 

In non-trip free breakers, of course, the speed of 
opening is somewhat under the control of the operator. 
It is unwise to ‘‘ease’’ a breaker either in or out. To 
do so may cause a breaker to blow up, or injure the 
operator by throwing hot gases. An operator, in open- 
ing or closing a breaker manually, should make it a 
point to snap the breaker in or out. 


Parts SHOULD Be LusrRIcATED 


When properly installed, the speed with which the 
breaker operates will remain practically constant if 
kept reasonably clean and adjusted. A few drops of 
medium machine oil on pins and bearings occasionally 
will assist in this matter but care must be used in such 
cases to see that the oil is not allowed to become a dirt 
collector, which may eventually reduce speed. In dusty 
or dirty locations, better results are probably obtained 
by not using any lubrication except where special pro- 
visions are made by the manufacturer. In cold climates 
the oil or grease in such bearings may become stiff or 
congeal and interfere with the operation. Whether 
lubrication should be used or not, therefore, depends on 
the application. Most circuit breaker oils are not good 
lubricants and should not be used for. such purposes. 


AMOUNT OF MAINTENANCE GIVEN DEPENDS UPON 
FREQUENCY OF USE 


In service that requires frequent operation of the 
breaker, the deterioration of oil and mechanism parts 
will be correspondingly rapid. If maintenance in such 
eases is unusually high and the number of operations 
cannot be reduced, the life of the circuit breaker can be 
prolonged by decreasing the operating speed. This, of 
course, applies to electrically operated circuit breakers 
and can be accomplished in several ways. 

Where cushioning dashpots are provided, a careful 
adjustment of these parts will usually remedy the con- 
dition. When satisfactory results cannot be obtained 
in this manner, it is sometimes possible to reduce the 
control voltage, which will result in slower travel of 
moving parts. A more drastic move is that of replacing 
the operating coils with others which have been de- 
signed to give less pull. The expedient of reducing 
breaker speed to prolong the life of parts and reduce 
maintenance should never be attempted until after care- 
ful consideration has been given to the subject. It is 
not recommended in any case where wide fluctuations 
in the control voltage oceur or where the breaker may 
be called upon to close against a ‘‘short’’ which may 
require some reserve closing power in the mechanism. 
Briefly, if the breaker is applied for protective purposes, 
any such steps should be taken only after obtaining the 
approval of the engineer responsible for the application. 

While lower operating speed increases the life of 
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mechanical parts, it may have the reverse effect upon 
the oil. . The decreased speed will permit a longer 
arcing period, resulting in the formation of more car- 
bon, greater gas formation and generally increasing the 
burning of contacts. It is therefore a problem, when 
this expedient is considered, to balance the savings in 
mechanical parts against the greater depreciation of oil 
and contacts. 

The practice of ‘‘inching’’ machinery by operating 
an oil circuit breaker, either electrically or manually 
controlled, at short intervals is extremely dangerous. 
The oil loses its dielectric strength quickly as the result 
of such abuse, which, if continued, will almost surely 
result in a breakdown of the oil, permitting an are to be 
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established between the contacts and the tank usually 
with destructive results to the breaker. A breakdown 
through oil, which has been weakened from ‘‘inching,”’ 
may occur between the stationary contacts on the line 
side of the breaker and the grounded parts of the 
breaker when the breaker contacts are in the open 
position. 

This has sometimes led to false conclusions about 
the cause and is likely to lead the unwary to blame 
trouble on weak, insufficient or defective insulation. 
In such eases, increasing insulation is a waste of time. 
The only cure for such a case of trouble is to correct 
the method of operation, or replace the breaker with 
equipment designed for such service. 


Duquesne Light Co’s Highland Substation 


SUBSTATION AND TRANSMISSION LINE Bur.t DurING WINTER AND SERVED PITTs- 
BURGH District AHEAD OF SCHEDULE. By M. R. SumMNeER* anp E. J. CLArRKt 


OR SUPPLYING electric power to metropolitan 
Pittsburgh, the basic scheme consists of transmitting 
this power from the principal steam generating station, 
known as Colfax Power Station and located at Ches- 
wick, on the Allegheny River, over 66,000-v. transmis- 
sion lines which encircle the city and its suburbs. At 

















FIG. 1. UPPER YARD OF HIGHLAND SUBSTATION. THE 
66-KW. COLFAX-HIGHLAND LINE ENTERS AT THE RIGHT 


suitable points on this 66,000-v. transmission system, or 
‘“‘ring’’ as it is termed, are numerous substations so 
located that the feeder circuits out of each substation 
overlap the territory supplied by circuits from adjacent 
substations. Each of these substations supplies an area 
of approximately 5 mi. radius. 

Inasmuch as the ring substations at Pine Creek, 
North Wilmerding and Dravosburg were carrying loads 
up to their capacity, it was decided to construct a new 
substation, to be known as the Highland substation. 


The location selected was territory commonly supplied ~ 


by these substations and is approximately 9 mi. from 
the Colfax power station. It was decided that the new 
substation should receive its power over a radial trans- 
mission circuit directly from the Colfax station. This 
project was authorized in the early spring of 1927. 
Design of the substation is based upon an ultimate 
capacity of 60,000 kw. to be supplied by two such cir- 
*General Superintendent of Construction and tSuperintend- 


ent of Electrical Construction, Pittsburgh Branch, Byllesby 
Engineering & Management Corp. 


cuits. Initially, only one 66,000-v. transmission circuit 
and the substation containing one 30,000-kw. trans- 
former bank with one 10,000-kw. spare single-phase 
transformer unit and oil switches for five outgoing 
22,000-v. circuits have been constructed. 
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TRANSMISSION SYSTEM AND SUBSTATIONS SERV- 
ING PITTSBURGH DISTRICT 


FIG. 2. 


Construction was started on the Highland project 
in November, 1927, and represents an expenditure of 
$1,300,000 in labor and material. 

On April 27, a sleet storm, crippling other transmis- 
sion lines, created an operating emergency that called 
for the Highland lines, if they were at all capable of 
service. Fortunately, the project was ahead of its 
scheduled completion date and was permanently cut 
into service on April 28, three days before it was 
planned to be. 


HIGHLAND CONNECTED TO CoLFAx BY Direct LINE 


In its essentials, the addition provides a 66-kv. trans- 
mission line from Colfax power station to the city’s 
edge; a stepdown to 22-kv. and underground cable con- 
nections to various distribution substations. 

This single circuit transmission line is energized and 
controlled at Colfax, where the switching equipment was 
installed in the East Yard. No breaker was installed 
on this line at Highland substation. At the river cross- 
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ing leading from Colfax, foundations were twice washed 
out by floods at the East Yard tower. The opposite 
crossing tower is part way up a steep bluff and carries 
the line under the older lines crossing from Colfax. In 
all, 56 steel towers are used. 

Two tower sites are on coal land, necessitating 
foundations to below the coal workings—a depth of 45 
ft. Difficulties from the tortuous topography and from 
property owners, combined to prevent securing the 
whole right-of-way until 11 days before the line was 
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nect switches, and ties to a 30,000-kv.a.. bank of 66/22- 
kv. transformers, thence through a 1200-amp. breaker 
to the main or auxiliary buses and leaves by the five 
circuits. 

UNDERGROUND CIRCUITS FROM SUBSTATION 


Of the five circuits leaving the substation, two spring 
from the outdoor bus structure to the opposite hilltop, 
where they go underground to the East End substation. 
A third East End line, one to Schenley substation and 
a Homewood-Wilkinsburg circuit, leave in underground 
conduits. 

Nine 6-in. and a 3-in. wrought iron pipe, and three 
6-in. fiber’ conduits form the ducts from the substation 
yard down a 45 per cent slope. Part way down, the 
ducts tunnel under four tracks of the Pennsylvania 
Railroad. Here a 54-in. shell in 6-ft. sections was first 
driven under the railroad’s right-of-way. Tunneling 
was not used; instead two 35-t. hydraulic jacks drove 
the pipe through. A timber collar protected the rear 
end of the pipe and one at the forward end acted as a 
driving wedge. Frequent checks were made to keep 
the shell’s passage true. The ducts were then laid-with- 
in this shell and the whole backfilled with concrete. 

From the railroad, the ducts descend a 14 per cent 
slope to a manhole in Washington Boulevard. The ex- 
eavation on the slope above the railroad was mostly in 
rock and varied from 9 to 20 ft. in depth. Leaving the 
manhole on the boulevard, twelve 414-in. fiber ducts 
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cut into use. Meanwhile, as rights-of-way were secured, 
sections’ of the line were erected. Winter temperatures 
accompanied most of this work, also hindered by snow 
and thawing muddy fields. Fourteen crossing permits 
were required from regulatory bodies and utilities to 
erect this 9.26 mi. of line. 

Ilighland substation tops an abrupt hillside opposite 
Highland Park, Pittsburgh. It consists of.an outdoor 
switching structure and control room. The Colfax line 
enters the yard through lightning arresters and discon- 
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SINGLE LINE DIAGRAM OF HIGHLAND SUBSTATIONS 


run to Frankstown Avenue, where they connect with 
existing duct lines. 


Proaress HAstENED By COOPERATION 


Completion of this project three days ahead of the 
scheduled date of May 1, 1928, was a result of codrdi- 
nation and codperation between many agencies. The 
design of the transmission line, the switching station at 
Colfax and the Highland substation was prepared com- 
pletely by the engineering department in Chicago of 
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MAJOR ITEMS OF EQUIPMENT IN HIGHLAND SUBSTATION 
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Switching Equipment at Colfax Power Station 

2—Westinghouse G-22 oil circuit breakers, 800 amp. 
132,000 v. 

1—Type SV Autovalve lightning arrester. 

2—Westinghouse potential transformers, oil insulated, 
outdoor. 

3—Westinghouse current transformers, oil insulated, 
outdoor. 


Colfax-Highland 66-Kyv. Line 
56—Steel Towers, 82 ft. high. 
eo of 500, 600 em. 1) strand, hand-drawn copper 

wir 
Siectedie of 21/23 in. ground wire. 
1.4—miles of 0.92 in. copperweld copper cable 19 strand. 

Highland Substation 

4—General Electric 10,000-kv.a. 66/22-kv. 
formers. 

1—Type SV Autovalve lightning arrester. 

2—Type 0-331 Westinghouse oil circuit breakers, 2000 
amp., 37 kv 

5—-Type 0-331. Westinghouse oil circuit breakers, 600 
amp., 37 kv 

eK EY 22-Kv. Cireuits 

1,280 ft. of 3%-in. fiber duct. 
63° 840 ft. of 4%-in. fiber duct. 
3:07 78 ft. of 6-in. iron conduit. 
1,026 ft. of 6-in. fiber duct. 
65 ft. of 54-in. steel shell. 
18—standard manholes. 
2—special submarine manholes. 
1.1 miles of 4/0 bare copper wire. 
15.2 miles of 3 conductor, 350,000 c.m., 


trans- 


22-kv. cable. 











the Byllesby Engineering and Management Corpora- 
tion. Major material items were purchased by the Chi- 
cago purchasing engineer. 

Underground cable systems and the 22-kv. span from 
Highland substation to Stanton Avenue were designed 
by the engineers of the Pittsburgh branch, under the 
general supervision of the Chicago engineers. 
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Purchase of all rights-of-way and the securing of 
permits from railroads, telephone companies, the State 
of Pennsylvania and the U. S. Government, was all 
handled by the real estate department of the Phila- 
delphia Co. Several parcels of right-of-way had to be 
condemned which, of course, caused work for the Phila- 
delphia Co. legal department and substantial delays due 
to the formalities required by law. 

Procurement of all municipal, borough and town- 
ship permits was obtained by the municipal division, 
general sales department, Philadelphia Co. 

Most of the codrdination work was done by the 
operating manager of the Duquesne Light Co. and by 
the manager of the Pittsburgh branch. 

Construction of the transmission line, the under- 
ground duct system, the switching station at Colfax and 
the Highland substation was done by the construction 
division of the Pittsburgh branch. The work was super- 
vised by W. J. Millington and E. J. Clark. 

All underground eable work was installed and 
spliced by the distribution department of the Duquesne 
Light Co. That work was supervised by M. W. Ghen. 

Substantial contributions in services rendered on 
this project were made by the general purchasing de- 
partment and stores of the Philadelphia Co., the meter 
and tests division of the substations and shops depart- 
ment, Duquesne Light Co., the construction auditor of 
the Pittsburgh branch and the accounting and treasury 
departments of the Philadelphia Co. 


Eliminating Inlet Loss in Induced Draft Fans 


New Fan DESIGNED TO ELIMINATE INLET Loss AND TO Save Power WitrH ConstaNtT-SPEED 


Motor Drive, INLET VANES GivING VOLUME AND PressuRE ContTrou. By G. 


ANY DATA on fan performance have been based 
on laboratory tests conducted with fans having 
open inlets, the air from the room being drawn into the 
open wheel or into inlets with long straight ducts. Per- 
formance data for a fan set up in this fashion are fairly 
satisfactory, in most cases, if the fan is to be used for 
foreed draft but not entirely reliable if it is intended 
for induced draft. For forced draft practice, the fan 
is installed in the boiler house similar to the laboratory 
assembly. But if the fan is to be used for induced 
draft, some sort of duct must be used to connect the 
inlet of the fan with the gas outlet from the boiler. 
When the inlet is modified by an attached duct, the 
latter affects the characteristics of the fan as deter- 
mined with open inlets, because the gas or air cannot be 
evenly distributed to all parts of the wheel. Accurate 
tests have shown that gas entering certain parts of the 
wheel has a forward spin in the direction of rotation 
but in other parts the spin is reversed. This tends to 
set up eddy currents and to cause a material reduction 
in the static or useful pressure that the fan is supposed 
to deliver and a corresponding increase in power con- 
sumption. To approximate laboratory performance, the 
static pressure required at the fan should be increased 
by at least 10 per cent to compensate for the loss 


*Manager, Fuel Economizer and Mechanical Draft Dept., 
B. F. Sturtevant Co. 2 


C. Drerry* 


through the inlet boxes; in some cases, 10 per cent is 


not nearly enough. 


Fietp Tests oN Fans 


Ordinarily, as installed in the power plant, it is dif- 
ficult to test fans according to the accepted test codes 
because rarely, if ever, is there a straight run of flue 
from the fan discharge or inlet equivalent to 10 diam- 
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ARRANGEMENT OF INLET VANES IN THE NEW 
FAN 


FIG. 1. 
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eters. If the straight run of duct is less than this, there 
may be eddy currents which will cause erratic pitot 
tube readings and make calculation of the volume inac- 
curate. 

It follows, therefore, that since it is difficult to 
check fan performance by field tests, purchasers should 
select induced draft fans which already have been tested 
in the laboratory with the inlet boxes in position. Be- 
sides not making any allowances for loss through the 
inlet boxes, many operators fail to consider leakage and 
air infiltration into the setting. In some eases, they 


miscaleulate the gas quantity by incorrect: gas analysis, 
deceiving themselves into thinking they have high CO, 
and low excess air. 

From long experience, our engineers have found 
that unless an induced draft fan is designed to deliver, 
per developed boiler horsepower, at least 22 ¢.f.m. meas- 
ured at 400 deg. F., 


or equivalent volumes at other 






















FriG. 2. INLET VANES OVERLAP SO THAT WHEN CLOSED 
NO OTHER DAMPER IS NEEDED. THIS VIEW SHOWS 
THEM WIDE OPEN 


temperatures, there is grave possibility that the desired 
boiler load will not be maintained. 

Considering the foregoing points, research engineers 
of this company have realized the need for an induced 
draft fan with inlet boxes which would be designed to 
guide the gas into the wheel with the least possible 
amount of shock. A little over a year ago, H. F. Hagen, 
director of research, introduced such a fan, which em- 
bodies a number of features new to induced draft 
practice. This fan, known as the Turbovane type I. D., 
is built to handle the flue gas at all ranges of tempera- 
ture, particularly at large volumes and high pressure 
and at high peripheral speeds. 


InutET Loss Repucep To A Minimum 

As shown in Fig. 1, this fan has been designed with 
special double-scroll inlet boxes. As in a centrifugal 
pump, which is of the same family as the fan, inlets and 
outlets are center lined. This greatly simplifies the 
installation, eliminates the ungainly appearance of the 
conventional square inlet boxes and results in symmetry 
and efficiency. When required, the inlet and discharge 
can be varied independently to any angle while still 
maintaining the uniplane line-up of inlet and outlet. 
Symmetrical appearance, however, was not the prime 
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consideration in the introduction of the scroll inlets. 
These were designed to give the gas entering at all parts 
of the wheel a forward spin in the direction of rotation. 
But it was found that the gas entering the wheel was 
given so much spin that it was traveling faster than the 
wheel. To reduce this velocity to the peripheral velocity 
of the wheel, specially-designed inlet vanes were pro- 
vided within the inlet scroll and evenly spaced around 
the inlet to the wheel as shown in Fig. 2. This view 
was taken from inside the fan housing with the rotor 
removed. 


INLET VANES ProvipE EcoNnoMIcAL METHOD OF VOLUME 
CoNTROL 


In the first design, the inlet vanes were provided 
solely for the purpose of retarding the spin of the gas. 
These vanes were fixed and the volume and pressure 
were controlled by varying the speed. Later it was dis- 
covered that, if the fans were operated at constant 
speed, control could be effected by changing the relative 
position of these vanes, making them open or close by 
overlapping each other. 

With other types of induced draft fans, the siden 
is controlled by either of two methods. It may be 
regulated by an ordinary plate or louver damper placed 
either in the discharge or inlet of the fan, when run- 
ning at constant speed, or the volume may be controlled 
by varying the speed of the prime mover. If an elec- 
tric motor is used, it is often of the wound-rotor, slip- 
ring type having a aeeeecana controller, usually with 
13 to 31 points. 


CoMPARISON OF Motor INPUTS WITH VARIOUS TYPES OF 
CoNnTROL 


Figure 3 was prepared for a large public utility 
company, to show the comparison of motor input be- 
tween a slip-ring motor, two constant-speed, squirrel- 
cage motors using the movable vanes and the same con- 
stant-speed motors with an ordinary damper. 

In the majority of cases, the volume of gas to be 
handled by the fan at normal load is such that if any 
fan were employed using a slip-ring motor, the speed 
at this load would be from 70 to 80 per cent of the full- 
load speed. For this reason, in order to show the 
highest saving with vane control over slip-ring motor 
control, it is advisable to use two constant-speed squir- 
rel-cage motors, one on each end of the fan shaft. 


A squirrel-cage motor can be purchased with two 
windings, which will give full and half speed but at 
full load the lower speed usually will give a volume less 
than normal load requirements. For example, referring 
to Fig. 3, it may be seen that if the speed had not been 
changed at just the point it was, curve B for the upper 
speed would have crossed over curve A and then the 
slip-ring motor would have shown less motor input than 
the constant speed motor. Curve A shows in horse- 
power the motor input for various volumes when using 
a slip-ring motor, while B at two different speeds shows 
the motor input with squirrel-cage motor. The shaded 
areas show the saving in horsepower effected by the 
squirrel-eage motors. This method of volume control 
thus makes possible the use of inexpensive squirrel-cage 
motors and in this manner effects not only a saving in 
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initial investment but a subsequently daily saving in 
power consumption. 

Curve C, represented by the dotted line, shows the 
motor input if a squirrel-cage motor is used, with the 
volume controlled by an ordinary boiler damper, the 
vanes in the fan inlets being in a fixed position. Nat- 
urally, the motor input with this method is greater than 
the other two. Nevertheless there will be an appreciable 
saving over any other type of fan operated in a similar 
manner. This is because with the Turbovane I. D., no 
allowance need be made for inlet loss. 


Fan CHARACTERISTICS 


In Fig. 4, is shown the characteristic pressure, vol- 
ume and horsepower curves for the same fan as shown 
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PERCENT LOAD (SEE TABLES NO. 1+ 2) 


SAVING IN MOTOR HORSEPOWER EFFECTED 


FIG. 3. 


WITH VANE CONTROL. SEE TABLE II 
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CHARACTERISTIC PRESSURE- VOLUME AND 
HORSEPOWER CURVES. SEE TABLE I 


FIG. 4. 


in Fig. 3. The values of motor input shown in Fig. 3 
were computed from the fan brake horsepower values 
shown in Fig. 4. Movements of the vanes are arbitrarily 
classed as positions No. 0 to No. 8. 

In position No. 0, the vanes are wide open, giving 
the maximum efficiency. The efficiency is slightly de- 
creased as the vanes are gradually closed. At position 
No. 8, the vanes are within 34 in. of being tightly 
closed. Beyond position No. 8, any further closing of 
the vanes has the same effect as ordinary dampering. 

Tables I and II were prepared from data given in 
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Figs. 3 and 4. Note that at three-quarter speed there 
is a saving of 289 motor horsepower or practically 29 
per cent. 

There is yet another point in favor of the two-motor 
arrangement. If the smaller motor goes out of commis- 
sion, the larger one, while not as economical as the 
smaller when operating over the normal range, will 
nevertheless carry the load just as steadily from maxi- 
mum to minimum. 

If the larger motor gives out, the smaller, of course, 
cannot reach maximum volume but it can carry 79 per 
cent of the maximum and certainly this is far better 
than shutting down entirely. 

With a slip-ring motor, the spiral inlet vanes are 
stationary while, with a single-speed or with two con- 


TABLE I. DATA ON SPEED, POWER AND PRESSURE OF 
FAN BOTH WITH VANE CONTROL AND WITH SLIP-RING 
MOTOR DRIVE 










































































Vane Control, 885 R.P.M. 
Hot } Per Cent 
Per Cent Static Fan Motor Motor 
Load Pressure Hp. Efficiency Input, Hp. 
A 100 13. 1628 93 1750 
B 83.8 13.1 1200 93 1290 
78.8 12.00 21115 92 1213 
700 k.P.M. 
100 12 858 93 922 
Cc 87 9.81 655 92 711 
D 67.5 7. 490 91 508 
E 52.8 . 4.7 420 90 466 
F 32.2 0.64 360 85 424 
Slip-Ring Motor Full Speed at 885 R.P.M. 
Motor 
Static Per Cent Fan | Efficiency} Motor 
Pressure Speed Speed Hp. Per Cent Input, hp. 
1s. 885 A 100. 1628 92 1770 
15.1 753 B 85.2 1090 78 1320 
12.0 716 8l. 870 72 1210 
9.81 645 C 72.8 640 64 1000 
7.0 535 D 60.4 357 51 700 
4.7 442 E 50. 210 39 538 
0.64 442 PF 50. 140 39 359 
TABLE II. TABULATION OF POWER SAVINGS WITH VANE 
CONTROL AS COMPARED WITH SLIP-RING MOTOR 
| Speed Motor, Hp. Saving due to Vanes 
Per Cent ‘ane 
Load Control Ring | Vanes Slip Ring Hp. | Per Cent 
A 100 885 885 1750 1770 20 1.13 
B 83.8 - 753 1290 1320 30 2.27 
79.0 . 716 1213 1210 2 0.25 
[eiiGe: casecee stacee cieemem tae 
100 700 716 922 1210 268 23.8 
c 89 | " 645 711 1000 289 28.9 
D 67.3 =| ss 535 538 700 162 23.1 
E 52.8 | bs | 442 466 538 72 13.4 
F 32.2 | _ | 442 424 359 65 | 18.1 




















stant-speed, squirrel-cage motors, if the movable vanes 
are used instead of an ordinary damper, the vanes are 
opened and closed by a link motion actuated by a worm 
gear as shown in Fig. 5. Since the torque is small, 
being approximately 150 to 200 ft-lb., the worm shaft 
may be turned by hand or by a small fractional-horse- 
power motor. The most recent arrangement is to con- 
nect this motor to whatever system of automatic com- 
bustion control is installed at the plant. The vanes are 
then opened and closed in exactly the same manner as 
the ordinary boiler damper. 
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These inlet vanes overlap sufficiently to allow them 
to be closed tightly if necessary. This eliminates the 
need of any extra damper, except in certain bypass 
ducts. The ordinary boiler damper need not be in- 


stalled, or if it already has been in service before the 



























FIG. 5. WORM GEAR AND LINK MOTION OPEN AND CLOSE 
MOVABLE VANES ON INDUCED DRAFT FAN INLET 


Turbovane I. D. fan is placed in operation, this damper 
should be fastened in a wide open position when the 
inlet vanes are functioning. 


HEAT TREATMENT NECESSARY FOR WHEEL 


An additional noteworthy feature is found in the 
fan impeller which has curved floats, radial at the tip. 
This type is designed to be practically self-cleaning, to 





ernest 














IMPELLER WITH BLADES PARTIALLY CURVED 
FORWARD, RADIAL AT TIP 


avoid the loss of efficiency and the vibration caused by 
an accumulation of dirt on the wheel. The impeller is 
narrow and rugged, designed for the high tip speeds 
demanded by the increased draft requirements of mod- 
ern high ratings, particularly where economizers or air 
heaters are installed. This impeller is shown in Fig. 6. 

Properly heat-treated alloy steel used in its con- 
struction permits an impeller of this type to stand 
safely tip speeds of 25,000 ft. per min. These impellers, 
even for large volumes and pressures, are of single 
- wheel construction. 

Authoritative data show that, even at a temperature 
of 850 deg. F., the elastic limit of the alloy steel ex- 
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ceeds 80,000 lb. per sq. in., whereas that of mild steel 
has dropped below 10,000 Ib. per sq. in. 


MovasLeE VANES ALso UseEp For Forcep DRrart 


Since this fan has been so successful for induced 
draft, it was found it could be used for forced draft 
equally well. Since inlet boxes are not ordinarily 
used with forced draft, the research department worked 
out a scheme of applying movable inlet vanes to the 
regular cone inlets by placing them radially in the form 
of V-shaped shutters, directly in front of the cones. 

This method of vane control is also successful when 
applied to the fans ordinarily used for forced draft, 
particularly those with backwardly curved blades. In 
Fig. 7-A, these vanes are showu on a large Turbovane 

























A—VANE CONTROL ON FORCED DRAFT FAN. 
B—SIDE VIEW OF SAME CONTROL, SHOWING CABLE AND 
CAM SHAFT ACTUATING V-ANES 


FIG. 7%. 


fan. Figure 7-B shows the method of moving the vanes. 

Mechanical features are of primary importance, as 
the first duty of a mechanical draft fan is to operate 
without interruption but after mechanical excellence 
has been considered, power consumption becomes the 
most important matter. 


Henry Forp is collecting antique electrical equip- 
ment and has borrowed James W. Bishop from the 
Detroit Edison Co. to make the collection. He has al- 
ready acquired a number of ancient engines, dynamos 
and motors which will be housed in the Ford Museum 
to be built on 125 acres of land near the present Ford 
laboratories at Dearborn, Mich. Anybody who has any 
antique electrical equipment or who knows where any 
may be obtained is requested to communicate with 
James W. Bishop, Detroit Edison Co., 2000 Second Ave., 
Detroit, Mich. 


New Eneuanp Power ASSOCIATION, Worcester, 
Mass., is arranging work for a new hydroelectric project 
on the Connecticut River near Monroe, N. H., and Bar- 
net, Vt., permission for which was granted recently. 
The project is scheduled for completion in 36 mo. and 


the complete plant will be equipped for a capacity of 
250,000 hp. The project will be carried out by the 
Connecticut River Development Co., a subsidiary of the 
New England organization. 
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Measurement of Hydraulic Turbine Gate Leakage’ 


Six MerHops ror Mzasurine THIS LEAKAGE ARE GIVEN, WITH PaRTICULAR EMPHASIS 
ON THAT TAKING ACCOUNT OF FALL OF PRessuRE IN Penstock. By E. B. Strowcert 


URBINE GATE LEAKAGE means the flow or dis- 

charge past the turbine gates when the gates are 
closed tight and the full static head is operating. In 
applying the Gibson method of testing’ to a hydro- 
electric plant, it is necessary to determine the gate leak- 
age quantity. Also in the case of a standby plant, it is 
often necessary to know this quantity for the various 
units and for the plant as a whole. Gate leakage is 
quite independent of the leakage around the runner or 
‘“‘runner clearance leakage’’ and has little, if any, influ- 
ence on the turbine efficiency. 


TURBINE GATE LEAKAGE RELATIVE TO FULL DISCHARGE 
or UNIT 


It is then frequently necessary to determine the 
amount of flow through a turbine with full operating 
head and with the turbine gates closed. For a modern 
machine the gate leakage quantity, which we may here- 
after call ‘‘leakage quantity,’’ seldom exceeds 1 per cent 
of the full load discharge of the wheel. Occasionally, 
however, a unit is found in which a liberal clearance 
has been allowed between the guide vanes and upper 
and lower distributors. In this case, the gate leakage 
may approach 2 per cent of the full load discharge and, 
in the case of old machines badly eroded and worn, 
the leakage quantity may be 4 per cent of the full load 
discharge. 

METHOpsS OF MEASURING 


Numerous methods may be employed in measuring 
this relatively small quantity of water, some of which 
are: 1—by weir (if one is already installed on the 
tailrace) ; 2—by Pitot tube measurement; 3—by taking 
a pressure-time diagram of the leakage quantity (by 
Gibson method), by closing the Johnson valve if one is 
installed near the wheel case: 4—by the salt velocity 
method of water measurement; 5—by measuring the 
orifice area due to guide vane clearances; 6—by measur- 
ing the rate of fall of pressure in the penstock with the 
head gates closed. 

First and second methods are seldom practicable; 
the first because of the expense involved and the second 
because the velocities to be measured are extremely 
small in the penstock; however, where the leakage 
quantity may be bypassed in a smaller pipe around a 
valve in the penstock, the second method may readily 
be applied. The third method is readily done when 
there is a Johnson valve installed near the wheel case. 
The fourth method, which is also readily done, has been 
described by Professor Allen in these columns.” 





*Abstract of portion of N. E. L. A. Hydraulic Power Com- 
mittee report. 
+The Niagara Falls Power Co. 


1Hydraulic turbine tests by the Gibson method, by Norman 
R. Gibson, Power Plant Engineering, April 15, 1927, page 469. 


2Hydraulic turbine tests by the Allen Method, by C. M. 
Allen, Power Plant Engineering, May 15, 1927, page 549. 


Fifth method is by measuring the orifice area around 
the guide vanes. By measuring the top and bottom 
clearances of the guide vanes and by using feeler gages 
between the vanes, the total orifice area through which 
the turbine leakage passes may be determined. If K 
is the coefficient in the equation q = K X A X VH 
where q is the turbine leakage in c.f.s., A the orifice 
area and H the normal head in the wheel, then, know- 
ing K, A and H, we may determine q. K may be ob- 
tained from leakage data on similar installations. 


Fat In Pressure MerHop 


Sixth method mentioned above, the fall in pressure 
method, is an accurate method since it is essentially a 
direct volumetric measurement, provided, of course, 
that accurate measurements of pressures and areas are 
taken. Knowing the cross-sectional area of the water 
passage for any elevation, the rate of fall in pressure, 
as determined by an accurately calibrated pressure test 
gage or a manometer attached to the wheelcase will 
give the leakage discharge for various heads, correction 
being made, of course, for leakage from the headwater 
past the headgate. From these instantaneous values of 
gate leakage for various heads may be calculated the 
discharge under the operating head. This may be done 
graphically or algebraically as shown later; however, 
if there is a uniform section of penstock for say 20 or 30 
ft. of elevation, the coefficient of the discharging orifice 
may be determined by using an integrating equation for 
the flow arid this coefficient applied with the full head. 


Fatt In Pressure Meruop Usine INTEGRATED FLOW 


Let Q = discharge through the turbine gates in 
e.f.s. 

G = in-flow past head gates in cfs. = a 
constant 
horizontal penstock area in typical section 
orifice area at turbine gates 
coefficient of discharge of orifice | 
ca 
change in volume of water in penstock in 
eubie feet 

h = head on wheel 

For a particular plant, h; is the initial head on the 
wheel and h, the final head on the wheel, thus fixing 
the section of penstock to be used for the measurement. 
Then Q = C v2 gh 
and dM = C v2gh dt — G dt 
also dM = Adh and Table I shows how, after integrat- 
ing, an equation is obtained. 

G may be determined readily and, in many cases, 
may be made zero by sealing the headgate with cinders. 
A is known and T is obtained, as shown in Fig. 1, after 
selecting the limiting penstock sections, or the limiting 
heads, so that we may solve for C. After finding C, 
by substituting in Q = C V 2gh, using the full operat- 
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ing head for h, we have the gate leakage under full 
head. 

This formula, of course, may be used only on a uni- 
form section of penstock. It is assumed that the coeffi- 
cient of discharge of the orifice does not change with 
the head, so that it is always advisable to select sec- 
tions of the penstock as near the forebay as is possible. 
For a more accurate determination, C may be deter- 


FORMULAS BY WHICH C AND Q ARE CALCU- 
LATED, WITH NUMERICAL EXAMPLE 


TABLE I. 
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Q =CV2gh 
dM =Cv/2gh dt—G dt 
alsodM =Adh 
Adh 
Cv 2gh—G 


ssa h= he 
d 
wf" 8 ong, OES 


After integrating: 


Whence dt = 





2A 2AG ee hp 
= = ——— lo .(CVEVE-©) | 
Exner: . hy 
Numerical Example 


A =489.83 
G=33.6 


h, = 144 
he=113 
T =808 


32917 
aac lone (8.02 x12.00xC-33.6) | 


s [% 122-15 10.63 2221” tog. (8.02 10.63 xC-33.6) | 


64.4C? 
ist. A 511. 13 | 96.24 C—33.6 
+ -G 
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808 = UES %12,00+ = 


808 = 











S) 
° 


432-67 
336 C.FS. 


ea (120-45)x +6183 


ro) 


HEAD ON WHEEL-FT, 
6 
° 


300 +00 
TIME IN SEC. 


; 
o 


Ga 
° 


TURBINE LEAKAGE 


N 
°o 


T= 


HEAD ON WHEEL ~—FT. 


3 


100 oo #00 500 600 700 «6800 


3 
TIME IN SEC. 


TURBINE LEAKAGE AND HEADGATE LEAKAGE 
CURVES 


FIG. 1. 


mined for various heads and the curve plotted between 
C and h and extrapolated to the full head. 

From an actual plant, data were taken by the writer 
in measuring the gate leakage on one of the units. 
Figure 1 plotted from these data, gives the time-head 
curve and the headgate leakage. In this case the latter 
_was obtained by measuring the rise in pressure due to 
the headgate leakage with the Johnson valve near the 
wheel case closed. As shown in Table I, the proper 
values can be substituted in the formula for T and C 
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is found to be 0.5783. Substituting again, we find that 
Q = 69.2 c.f.s. 

To determine Q algebraically by fall in pressure 
using instantaneous values, we may proceed as follows: 
When h, = 125 ft. t, = 415 see. 

h, = 135 ft. , = 177 see. 
With a gross head of 130 ft.: 
Q = [(10 & 489.83) + (415—-177)] + 33.5 
Q = 54.0 c.f.s. 
With full head: 
Q = 54.0 X Vy (222.02 ~ 1380) = 70.2 cfs. 





GATE LEAKAGE CALCULATED FROM TEST 
DATA 


TABLE II. 





Gate 
Leakage 


c.f.s. 


Head on 
Wheel Time, 
Ft. Seconds 


AT: 
Seconds 





144 5 
140 83 
136 
132 


78 25.6 

80 24.5 

83 23.6 

91 21-5 

17.8 

125 15.7 
135. 14.5 
143 13.7 


59.2 
58.1 
57.2 
55.1 
51.4 
49.3 
48.1 
47.3 


447 
v2 
707 
112 850 





489.83 X4 1959 


Gate Leakage = AT +33.6= AT +33.6 
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FIG. 2. TURBINE LEAKAGE FOR VARYING GROSS HEAD 

Using instantaneous values, Q can be determined 
graphically. Table II gives the instantaneous values of 
gate leakage for various head values and Fig. 2 shows 
these values plotted against gross head. By extrapolat- 
ing the curve to the full head, the leakage becomes 
70 ¢.f.s. EAT ETE 

New York Power & Licut Corp., Albany, N. Y., 
has authorized a new expansion and improvement pro- 
gram to cost about $3,000,000, including new switching 
station, transmission lines and improvements in plants. 
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LETTERS DIRECT FROM 
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Repairing a Leak in a Heater 


ABOUT A year ago, I had occasion to make a repair 
on a heater shell and, as it was done in quite an unusual 
way and has been successful, some other reader may 
find a suggestion in it which will serve him in good 
stead. 


The shell, of cast iron, 44 in. outside diameter, ner 
114 in. thick, is made up of three flanged sections, each 
about 32 in. long. The heater is quite old. About 2 
yr. ago, a small crack appeared on the side of the 
middle section. It showed no signs of rusting, but it 
leaked increasingly until it was decided to make a 
repair, if possible. When contemplating the repair, it 
was thought that it could be effected by some method of 
welding but, upon inspection, no welding concern would 
make the attempt. 

Hardening plastic materials were then tried: the 
crack was chipped out V shape, and the material ap- 
plied. Upon putting the heater into service, the crack 
again opened and increased in length. The ends were 
drilled and plugged but this had no effect as the crack 
again increased. It should be stated that the area 
around the crack appeared to be porous, or rather rot- 
ten, if that term is more descriptive. After several of 
these attempts, it was evident that we were aggravating 
the situation, so I decided, as a last resort, to go about 
it in an entirely different manner. 


By this time the crack had become about 8 in. long, 
and shaped about as indicated. The entire vicinity of 
the crack, at least 3 in. on each side, was then filed 
smooth and clean, so that no roughness was apparent 
to the hand. This was then coated heavily but evenly, 
with ordinary rubber cement. It was found that the 
cement adhered perfectly and a second coating was 
applied. 

Next, a piece of thin sheet rubber, 7 by 10 in. and 
about 1/64 in. thick, was tacked to a board and this 
also given two coats of cement. Before drying, it was 
applied to the cleaned surface, two men holding it at 
the four corners, and a third man pressing it tightly 
along the crack, and then smoothing it out so as to 
prevent wrinkles. 

Over this were placed two pieces of diaphragm rub- 
ber of about the same size, and 1% in. thick, the two 
sheets making a thickness of 14 in. (This rubber has 
a canvas insert as ordinary rubber 14 in. thick was 
found to squeeze out.) Over this was placed a piece of 
galvanized iron. 

Rubber and iron were then held in position or, a 
steel band of 14 in. plate, 8 in. wide, made in two 
halves, and rolled to 1 in. larger diameter than the 
shell. The ends were bent out as flanges, to take three 


bolts, and each half was made about 3 in. less than a 
full semi-circle. 

In taking up on the bolts, practically all the pres- 
sure was therefore applied directly over the rubber, 
holding it firmly to the shell. As the band rested on 
the thin galvanized iron, taking up on the band did 
not tend to draw the rubber. 

Next nine 1-in. bolts extending through from flange 
to flange were inserted in place of the regular flange 
bolts, six, directly over the cracked area, and three on 
the opposite side as indicated. As the water pressure 
was about 50 Ib., the shell was subject to a longitudinal 


GALVANIZED IRON 


METHOD OF REPAIRING A LEAK IN A CAST-IRON 
HEATER 


stress of about 34 tons. The purpose of the bolts was 
to counteract the tendency of the crack to open under 
this stress. 

When we first tried this scheme, it leaked but we 
found the trouble was due to having put on the thin 
rubber badly. The next time, using more care, it was 
successful, 

This has now been on one year and gives every indi- 
eation of lasting indefinitely as not one drop of leakage 
has appeared. The rubber seal is undoubtedly not 
exposed to the air, and so long as this condition main- 
tains, it deteriorates slowly or not at all, although it is 
heated to 180 deg. F. 

Some weeks after repairing this erack, another erack 
appeared in the first section. This new leak was simi- 
larly stopped, and has been equally tight. 

E. C. Hirze. 


Screws Fasten Babbit to Bearing 

Ir A BABBIT bearing is properly installed in a 
large bearing, it will seldom become loose. But it is 
a fact that now and then such bearings will loosen. To 
remove the babbit and re-run it requires considerable 
work, perhaps at a time when it would result in a big 
loss to the owners, due to shutting down. 
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Repairs can be quickly made by which the babbit 
may be held tight for years. Drill and countersink 
holes through the babbit and into the metal of the 
cap or bearing. Make the countersink large enough so 
that the head of the soft copper screw, which has 
previously been annealed, will be below the surface of 
the babbit as illustrated. 

After the six screws shown are installed, more holes 
can be prepared as described and screws distributed 
according to the area of the babbit to be held. The soft 
copper screws are to be set up very tightly; this will 
strain and wedge the threads, the screws will never 
loosen and no driving or riveting is necessary. 

As the softened screws are much softer than the 
shaft, no scarring will occur even should the babbit 





























SCREWS COUNTERSUNK IN BEARING ACT AS ANCHORS 
FOR BABBIT LINING 


wear down in the course of years to the screw heads. 
I know of one large babbit bearing that was tightened 
in this way more than 10 yr. ago, that is still tight. It 
has never caused any trouble since it was tightened. 
Toronto, Canada. James E. Nose. 


Blocked Discharge Opening Causes 
Water Wheel Surges 


SOME TIME AGO, we were troubled by a bad surging 
condition in three new hydroelectric units, the speed 
varying so much that the generator voltage swung up 
and down between 2300 and 2500 v. and the frequency 
between 55 and 60 eycles. The installation consisted 
of three 24-in. water wheels driving 93.8-kv-a. gener- 
ators at 327 r.p.m. 

At first, we thought that this surging might be 
caused by hunting of the governors. We found, how- 
ever, that the surging was the same with the governors 
entirely disconnected. Apparently this was not the 
cause of the trouble. The penstock size had been 
specified by the water wheel manufacturer. The area 
of the discharge passages was investigated and seemed 
to be all right, although we had an idea that there 
might be some condition that prevented the tailwater 
from getting away from the wheel freely. Then, too, 
it was suggested that the draft tubes and discharge 
passages might not be entirely submerged and that air 
was being sucked in. 

This entire situation was extremely puzzling to us 
but at the end of about three months’ operation, we 
discovered what we are convinced was the cause of the 
trouble. We found a large deposit of gravel banked 
about the discharge openings from the wheel pits. It is 
our opinion that this deposit, which probably was left 
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there during construction, blocked the water as it dis- 
charged, causing it to be thrown back against the tur- 
bine runners, thus slowing them down. The water 
would then surge away from the runners, allowing the 
speed to increase again and this action would be re- 
peated continuously. 

This theory is confirmed by the fact that at the end 
of 3 mo. the violent surging has decreased somewhat. 
We believe this is caused by the washing away of some 
of the gravel by the tailwater, thus freeing the discharge 
opening to some extent. 

At any rate, during the low water season we plan 
to dredge out this gravel deposit and are convinced that 
this will stop the surging entirely. 


Cadiz, Ky. P. W. JONES. 


Steam Specification 

SPECIFICATIONS have been written for nearly every- 
thing. The last ito join that class is our much used 
friend, ‘‘Steam.’’ In order to insure clean and dry 
steam, a prominent concern has prepared a ie 
Specification’’ for steam, as follows: 

‘*Steam shall be entirely free from all solids—both 
soluble and insoluble. Samples of condensed steam shall 
not show more than nine parts total solids per million, 
which is the tolerance to cover dissolved copper and iron 
from the test condenser, unavoidable dust contamina- 
tion during the collection of the sample and its evapo- 
ration and unavoidable errors in the laboratory deter- 
mination of total solids. 

‘*Steam shall be entirely free from all moisture. 
Throttling calorimeter tests at any time shall not show 
a variation of more than 0.2 of one per cent from 100 
per cent dryness based on the determined normal of the 
calorimeter. The permitted variation of 0.2 of one per 
cent is the tolerance for unavoidable variations in radia- 
tion and thermodynamic changes.’’ 

To some users of steam, it might seem that specifica- 
tions are unnecessary—that ‘‘steam is steam,’’ and that 
specifications can’t make it different. But this is not 
so. An instance is cited where a prominent manufac- 
turer decided to adopt standard specification steam and 
as a result he is now saving nearly $6000 a year. There 
is a saving in fuel due to increase in superheat and 
reduced blowdowns; the 2600-kw. turbines need not be 
cleaned so often, if at all, thereby creating a saving of 
over $2000; an important saving in packing rings and 
labor replacing the rings on the Corliss engine; and a 
saving of over $200 that would otherwise be spent for 
cleaning the governors on 10 smaller variable speed 
engines. That being the case, clean and dry steam is 
surely worth seeking and having when used in large 
amounts. 


Newark, N. J. W. F. ScoapHorsr. 


Steel Pipe Preferred to Cast Iron for 


Anchorage 
Frep E. Bonp’s ARTICLE on page 896 of the August 


15 issue interested me. The pipe Mr. Bond describes 
is not ‘‘soil’’ pipe but heavy water pipe. Extra heavy 
soil pipe is 5 ft. long and much thinner than 1 in. 
Even if Mr. Bond lives in a much warmer climate 
than that of Toronto, he is taking considerable risk in 
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using cast-iron pipe for stack anchor, as frost increases 
the brittleness of the pipe. Attaching the guy wires at 
a point considerably above the ground would increase 
the tendency to break the pipe, especially if a sudden 
pull was exerted on the wire. 

Extra heavy wrought iron or steel water pipe which 
would bend before breaking is much more preferable 
than cast-iron pipe for this purpose. 

Toronto, Canada. JAMES E. NOBLE. 


Leaky Pipe ‘Threads Calked with 
Tinfoil 

RepaIRING leaky pipe-threads is best done by un- 
screwing the joint finding the defective thread, be it on 
pipe or in fitting, and then either repairing the bad 
threads or cutting new threads. Then you may make 
up the joint again with the assurance that it will be 
tight. 

When the defective thread is found upon a piece of 
6-inch pipe or fitting or of larger sizes, a man is likely 
to resort to calking for a cure rather than take down 
such a large pipe. But let me add a word of caution— 
do not calk the leaky pipe while it is under working 
pressure. You might get away with it and stop the 
leak with half a dozen hammer blows but on the other 
hand, there would be great danger of making the leak 
worse, instead of better and, with some pieces of pipe, 
such a method might result in a destructive break and 
blow-out, with disastrous results. 

Before going at the leaky thread ‘‘hammer and 
tongs,’’ first try the following scheme: Procure one or 
more narrow cape chisels about 4 in. wide. Grind 
these chisels flat on one side and rounded on the other. 
Select a light hammer, peel some of the tin foil off your 
package of tobacco and you are ready to tackle the leaky 
pipe threads. Slide some of the tin foil against the 
leaky thread, and with the little sharp chisel, poke the 
tin foil into the opening alongside of the thread, using 
very light hammer blows. Coax and work as much tin 
foil as possible into the crevice; then, with the little 
round-end chisel, calk the tin foil into the threads a 
little bit at a time. 

It will be found that the tin foil will serve as a sort 
of packing and make the joint between pipe and fitting 
tight much quicker and far easier than if it were not 
used. In some eases, possibly, soft ‘‘half and half’’ 
solder will be found even better than the very thin tin 
foil. When solder is used for this purpose, a bit of wire 
solder will be found convenient, for it may easily be 
flattened with the hammer to any desired thickness. 
With a wedge-shaped bit of solder, its thin edge may 
often be started into the leaky thread cavity and after- 
wards driven home by means of the round-end chisel. 

Indianapolis, Ind. JACK Boston. 


Yusa River Power Co., 225 Bush St., San Fran- 
cisco, Calif., has secured permission from the State De- 
partment of Public Works, to construct. a hydroelectric 
plant on the North and Middle Forks of the Yuba 
River. The company proposes to construct a series of 
five generating stations, utilizing the water from the 
Yuba River. The stations are to be equipped for a 
gross capacity of 261,000 hp. The estimated cost of 
the entire project is set at more than $40,000,000. 
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Electric Service Connections for 
Outdoor Machinery 


ELECTRICALLY OPERATED power shovels are in many 
instances replacing steam and gasoline shovéls, espe- 
cially in quarry and gravel pit work where the character 
of the work is such that electrical service connections 
can be economically established. The same is true of 
well drills. This brings up the question of flexible 
cables and an efficient design of service connection. 
The practices in this respect recently observed in 4 
very up-to-date crushed stone operation of recent con- 
struction are interesting. The three-phase power feed- 
ers are run to various points of the quarry on poles to 














SERVICE POLE USED TO PROVIDE ELECTRICAL CONNEC- 
TIONS FOR OUTDOOR MACHINERY 


which they are attached on brackets. At selected points, 
subject to change from time to time as the quarrying 
progresses, taps are made from the feeders and run 
down the pole in conduit and terminated in a receptacle. 
The flexible service cable is terminated in a plug which 
fits into this receptacle. 

These flexible cables have three conductors and are 
protected from outside injury by a heavy rubber jacket, 
which, according to experience at this plant, gives a 
longer life than any other kind of flexible cable. 

New Canaan, Conn. F. A. WESTBROOK. 


A BROKEN FRIENDSHIP may be soldered but will never 
be sound. 
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Plant Heating Steam Allotment 


In THE AucustT 1 issue, a reader asks the following 
questions : 

1. To arrive at the true cost of steam, should not 
the cost of steam used in the boiler room be charged to 
the boiler room ? 

2. What method may be used in arriving at this 
cost ? 

In answering these questions, I am submitting that 
part of our power plant distribution chart which shows 
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AUXILIARY STEAM IS PRORATED ON A PERCENTAGE 
BASIS TO THE VARIOUS DEPARTMENTS 


how the cost of steam for power plant auxiliaries is pro- 
rated over all steam accounts. 

This chart shows that the steam for the boiler feed 
pump and ash blower, as well as steam for power plant 
heating should be charged to the various departments. 
Each department is charged for this auxiliary steam in 
proportion to their metered actual consumption. 

Assume that meters 1 and 2 each show that 50 per 
cent of the total steam is delivered to the departments. 
Fifty per cent of the cost of the auxiliary steam should 
then be added to the cost of each of the two main dis- 
tributions. In this manner, the auxiliary steam is pro- 
rated on a percentage basis to the various departments. 

Brewster, O. ArtTHur S. SpPmDEL. 


Isolating Machine from Vibration 

WE ARE CONTEMPLATING the installation in our shops 
of a grinding machine for the accurate finishing of 
rather large surfaces. The bed plate of this grinding 
_ machine is about 20 ft. long and the unit weighs about 
15 t. Within 150 ft. of the proposed location of this 
machine, two steam hammers are operating, doing heavy 
work at times. These hammers jar the ground con- 
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siderably, although their anvil blocks are set on wood 
cribbing. In addition, the proposed location of the 
grinding machine is about 100 ft. from the subway 
tracks of a railroad and the vibration from trains is 
also noticeable. 

Of course, the machine foundation can be built 
with space around the sides to isolate it against side- 
wise transmission of vibration but we should be glad to 
learn of suitable means to guard against transmission 
of shock and tremor from the bottom upward. 

If you or your readers know how a similar problem 
has been solved or have any suggestions to make:as to 
the course we might pursue, we shall appreciate your 
assistance. H. L. H. 

A. Judging by the results that have been obtained 
in isolating vibration of large steam and Diesel engines, 
pumps, compressors and the like, we feel that measures 
ean be taken to isolate this grinding machine satisfac- 
torily. 

Various forms of cork isolation material are now on 
the market for this purpose. One form consists of 
strips and blocks of natural cork held in an iron frame 
and pressed together in a horizontal direction just 
enough to take up all the slack between individual 
pieces and make them into practically a continuous 
sheet. Another form of this isolation material consists 
of cork compressed into sheets of various thicknesses 
and densities and then baked. 

It is generally considered that natural cork (not 
granulated) is better adapted to this service than other 
materials such as felt, rubber or sand, not only from 
the standpoint of total cost but also because it has 
greater and more permanent elasticity, more durability 
and greater load-carrying capacity. 

At any rate, whatever form of cork isolation is used, 
there are two general methods of installing it. First, 
it may be placed on top of the foundation with the bed 
plate or feet of the machine resting on it. Second, if a 
concrete foundation is used, the foundation pit may be 
lined with concrete, the isolating material placed over 
this and then the major part of the foundation put in 
over the isolating material. 

Another method of preventing machine vibration 
involves the use of devices including springs which take 
the weight of the machine. These springs are held in 
housings with cork isolation around and under them 
as an auxiliary. The manufacturers of these devices 
state that they have been applied to many types of 
machine tools and rotating machinery. In doing this 
with a machine 20 ft. long weighing 15 t., it may be 
necessary to use considerable care in distributing these 
devices under the bed plate, as the machine itself will 
doubtless have its own period of vibration, on such a 
long bed plate. ~ 
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In using any of the foregoing methods, the various 
manufacturers can give you invaluable assistance in 
designing the foundation. 

All the foregoing applies especially to the isolation 
of vibrations coming from the machine itself. The in- 
stallation of the grinder, as noted above, presents a 
somewhat different problem, since it is desired to pre- 
vent vibrations originating outside the machine from 
affecting its accuracy. Although we have few definite 
data on this subject, we can see no reason why the 
same principles do not apply and we suggest that the 
methods outlined above be carefully investigated. It 
might be well also to consider the matter of isolating 
the two steam hammers as well as the grinder 

Editor’s note—Further suggestions and comments 
from readers will be welcomed covering methods that 
might prevent this grinder from being affected by the 
vibrations from steam hammers and trains. 


Centrifugal vs. Inertia Shaft 
Governors 


PLEASE EXPLAIN how a centrifugal shaft governor 
may be distinguished from a governor using both cen- 
trifugal and inertia forces? M. L. S. 

A. In centrifugal shaft governors, the weight is 
thrown out toward the flywheel rim by the centrifugal 





FIG.3 


DIRECTION IN WHICH WEIGHT TENDS TO MOVE WHEN 
SPEED CHANGES DISTINGUISHES INERTIA FROM CEN- 
TRIFUGAL SHAFT GOVERNORS 


force due to rotation, as shown diagrammatically in Fig. 
1. Centrifugal force also acts in the case of inertia 
governors but the force which dominates the regulating 
action of this governor is that of inertia, which causes 
the weight to continue to move or lag behind, depend- 
ing upon sudden decrease or increase in speed of the 
flywheel, to which it is attached as shown in Fig. 2. 

For sudden increases in speed of the flywheel, mov- 
ing in the direction indicated by the long arrows, the 
weights in each case will move with relation to the 
movement of the flywheel, in the direction indicated by 
the arrows on their weights. Appropriate mechanism 
in each case, communicates the motion of the weights 
to the valve of the engine through change in throw 
of the eccentric or pin which drives the eccentric rod. 
Hence to distinguish these types of shaft governors 


ENGINEERING 


1057 


from one another it is only necessary to examine the 
action of the weights. 

The principle of the centrifugal type is shown more 
fully in Fig. 3, which represents one method of appli- 
cation. In this, an arm whose length is R, pivoted at 
some point on the flywheel, has attached to it a weight 
W. At a distance from the pivot a spring is attached 
so as to act at right angles to the arm. 

When the engine is running, the centrifugal force 
of the weight will be balanced by the pull of the spring 
and the pull on the arm, but as the latter acts directly 
through the supporting pivot, it may be neglected. 
When the engine increases in speed, the weight is 
thrown out toward the rim of the wheel and by means 
of a lever through which it is connected to the eccen- 
tric, it shifts the eccentric’s position, decreasing its 
throw so as to produce an earlier cutoff. 

The Rites inertia shaft governor consists essentially 
of an unbalanced bar with weights at the ends and 
means of changing the amount of the difference between 
the two weights by adding or removing disks on the 
longer arm. The bar is pivoted at ec, Fig. 4. A spring 
tends to hold the weight bar in the starting position 
against the stop e. The eccentric rod is connected to 
the pin f which takes the place of the eccentric. As 
the speed increases, the centrifugal force of the weighted 
ends increases until it overcomes the tension of the 
spring d, and the bar swings about its supporting pivot 
e, changing the position of the pin f relative to the 
center of the shaft and producing the same effect as 
produced by the shifting of the eccentric. If a sudden 
change of load should occur, the weights will tend for 
a moment to continue at the same speed at which they 
were traveling. They may, therefore, run ahead or lag 
behind. The result of this action is to change the 
position of the eccentric pin in its relation to the center 
of the shaft. In such a governor, the inertia of the 
eross bar and weights materially supplements the cen- 
trifugal foree and increases its sensitiveness. 


Percentage of Heat Added by 
Superheater 


PLEASE LET ME know the percentage of heat added 
by a superheater to steam of 140 lb. gage pressure and 
of 97 per cent quality in order to obtain steam of 470 
deg. F’. at that pressure? J. B. 

A. For 97 per cent saturated steam at 140 lb. gage, 
which is equivalent to 155 Ib. abs., the following heats 
exist : 

Heat of liquid 
Latent heat of evaporation = 861 x 0.97=— 836.17 
Total heat in 1 lb. wet steam — 1197.17 
Total heat in I lb. superheated steam at 155 

We eG ON oe cere ccnstespens 1257.3 

Heat added to wet steam by superheater = 1257.3 
— 1197.17 = 60.13. Then, 60.13 ~ 1257.3 = 0.0475 = 
4.75 per cent. 


CorrEcTION: In some way, matter not intended for 
the question on water columns became a part of the 
answer given on page 950 of the September 1 issue. 
The last two paragraphs of this answer should be dis- 
regarded. 
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Effective Use of Power Supply 

Furnishing of light, power and heat by an individual 
or group power plant to an industrial works, a building 
or a group of industries or buildings is of the same 
nature as the like service furnished by a public utility 
plant to the community and should be handled on the 
same basis. 

Light, power and heat should be manufactured and 
delivered at the lowest cost possible but convenience and 
effective service to the user are of prime importance. 
Reliable and continuous supply should, of course, be 
ensured and are usually given careful attention. In 
the individual plant, however, not so much thought has 
been given to ensuring the best and widest use of power 
so as to secure most effective service to the industry 
supplied. 

Central stations have gained large increases in load 
by studying the convenience of customers. Industrial 
use of central station current may result in lowered 
cost. Even at somewhat higher cost, it may be found 
profitable, because of convenience of supply and in- 
crease in output of manufactured product by more 
liberal use of power. Ease of control and of shutting 
off of power when not required, ease of adaptation to 
manufacturing operations, ease of supplying power to 
any point desired are factors. These are the result, not 
of central station service but of wider use of electric 
power. They have, however, been important issu s in 
pushing the use of central station current. 

For domestic use, convenience and comfort have 
largely been the factors which have helped build a bet- 
ter load factor. Washing machines, vacuum cleaners, 
refrigerators, local heaters increase, of course, the elec- 
tric bill in the house but they add to the effectiveness 
of living and to the efficiency of household labor. Re- 
lief from the drudgery of oil lamps, stove-heated irons 
and the hand washboard gives opportunity for better 
home making and care of the family, which are the goal 
of the housewife. 

Likewise in the industrial plant or building, larger 
use of power may add to the effectiveness of production 
and of housekeeping. Study of this phase of plant 
management deserves attention. 

Unquestionably, the most desirable condition is 
where the power plant is considered as an energy factory 
and the services rendered to each department are 
charged against that department. If measurement is 
impossible, close estimates can be made from the lights 
and motors used, heating surface supplied and other 
demands. Excessive use or waste of energy can best 
be determined by measurement, continuous or periodic, 
~ and this should be made wherever possible. 

Comparison of the total energy delivered and 
charged for with the energy manufactured, in the form 


of steam and electric current will show the effective- 
ness—or lack of it—in distribution. It is for the 
engineer to find and do away with any excessive losses. 

Reduction of the use of service in a department may 
be inadvisable. Study may even show that a greater 
use of energy is desirable. The point is that the study 
should be made and the energy used wisely so as to 
produce desired and worth-while results. 

Larger use of power, better lighting, better steam 
supply for heating or process work may increase pro- 
duction of the factory or office by speeding up work, 
cutting down mistakes and adding to the comfort and 
good spirit of workers. Such use may so increase the 
load factor on the power plant as to cut down the cost, 
including overhead, per kilowatt-hour or per 1000-lb. 
of steam. This, again, may permit wider use of energy 
at little or no added cost per unit of factory product. 

Eliminating waste and the wasteful use of light, 
power and heat is a vital part of the power engineer’s 
duties. But the supply of these services at such places 
and in such amounts as will best serve the convenience 
of workers, to increase their effectiveness and that of 
the whole establishment in turning out product is also 
vital. It is well within the engineer’s province to point 
out where greater use of power will he advantageous to 
the business and to codperate in rendering the maxi- 
mum of service. His effort should be, not only to keep 
the wheels turning but to keep the most possible wheels, 
that can turn effectively, turning at the least cost. 


Diesel Power Research 

After visiting many of the finely equipped and well- 
managed Diesel engine power plants that are located 
in the middle west, it is difficult to realize the youth of 
this type of motive power and the amazing progress it 
has made. 

In 1904, the one Diesel engine exhibited at the 
World’s Fair at St. Louis attracted considerable atten- 
tion but skepticism was rife at that time. This skep- 
ticism was so deep-rooted and difficulties of selling 
Diesel engines were so great that the policy of leasing 
the engines under definite guarantees was adopted by 
the Diesel Engine Co. Ownership, as well as control of 
operation, were retained by the builders. 

Following the development of reliability, the Diesel 
field has gradually expanded, until it no longer occu- 
pies a limited and auxiliary position but invades all 
branches of the power field, having distinct advantages 
under certain conditions such as where there is a short- 
age of water or for standby or peak load service. Many 
of our central Diesel and municipal Diesel plants now 


_take on the atmosphere of large central steam plants 


both in equipment and management but little has been 
done, until recently, along lines of definite research 
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both for increase in operating efficiency and reliability 
and for standardization of parts and of specifications. 

Recent awakening of interest in research in the 
Diesel field by the Oil and Gas Power Division of the 
American Society of Mechanical Engineers gives prom- 
ise, therefore, of being another milestone in Diesel 
development in America, which will result in valuable 
additions to the field. It is particularly gratifying to 
know that other organizations such as the American 
Petroleum Institute and the Diesel Engine Society are 
cooperating in this movement. 

Results of the oil spray investigations now being 
conducted by Professor P. H. Schweitzer at Pennsyl- 
vania State College will be awaited with interest. Such 
investigations deserve the whole-hearted support of 
those in the field. Standardization of fuel oil and 
similar specifications will aid much to simplify the man- 
agement of Diesel plants and standardization of small 
engine parts such as piston rings and spray nozzles, 
many of which are now manufactured by specialty con- 
cerns will enable those concerns to contribute largely to 
the reduction of Diesel engine manufacturing costs, as 
well as to the simplification of plant maintenance. 

Definite knowledge regarding scavenging is desir- 
able. Research to determine the proportion of burned 
gases removed from the cylinder under crank-case com- 
pression and auxiliary pump conditions and the deter- 
mination of the effect of the use of auxiliary ports and 
other methods of admission of scavenging air would add 
much to improving our knowledge of Diesel operation. 

Investigation of the effects of different shapes of 
combustion chambers and auxiliary pockets on operation 
would also assist in Diesel development. 


Use of Time to Play 


‘In no country has the development of music and 
music teaching been so rapid as it has been in this 


country in the last few years. America, with me- 
chanical devices, has increased the world’s leisure and 
now it is up to America to show the world what to do 
with it. In a musical way, America is doing just that. 
And music is more capable of keeping alive an appre- 
ciation of beauty and the spiritual life than most of the 
other arts.’’ 

Here is a real challenge laid down to us by an 
English music critic, Perey Scholes. What are we doing 
with our time that is not used in gainful occupations? 
Are our leisure hours of the day spent in useless amuse- 
ment, idle chatter, reading stories of yellow journal 
class, without a thought as to what these hours are 
doing for us or to us, going nowhere, getting nowhere? 
Can not each individual select from among the multi- 
tude of human interests at least one activity which can 
be made a source of pleasure as well as personal devel- 
opment or beneficial service to others? 

Music is only one of many arts which make for 
cultural advancement. Sketching, painting and photog- 
raphy interest many during their off-duty periods. 
Others find inspiration and gratification in civic activi- 
ties and work in organizations designed to bring about 
better citizenship. To the engiaeer, such hobbies as 
radio, model making, chemistry and mathematics often 
make an appeal. 

In every man’s day there should be some time for 
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play, a time when his mind is not driven to think and 
reason for remuneration, a time when the tired muscles 
of the body are allowed to relax and the unused muscles 
are put into-action, a time to develop latent talents 
which are not used in the everyday work of the in- 
dividual. Engineers of America have done much to 
lessen the hours of the workingman’s day; we now face 
the sociological problems of inspiring those who have 
leisure time to use it in a way that will have lasting 
value to themselves and their communities. 


Translate the Percentage Into Dollars 


WATER RATES of a group of ten large turbine-gen- 
erators in several plants of a large public utility in- 
creased on an average of about 0.7 Ib. per kw-hr. over a 
period of approximately 7 yr. This does not seem to be 
very much. But when we come to analyze the cost of 
supplying the additional steam taken by the turbines 
because of this increase in water rate, as is done in this 
issue by Roger W. Andrews, we find some surprising 
things. 

We find first of all that at the end of the time for 
which data were taken, the average cost per year was 
about a quarter of a million dollars more for steam than 
at the beginning, while the total additional cost for 
steam over the entire period was about three-quarters 
of a million dollars!’ This amount of course, includes 
only the additional installed boiler capacity needed to 
supply the increased demand. 

In making this analysis, it was Mr. Andrews’ pur- 
pose to show how desirable it is for the engineer to 
translate his technical data into cost figures in order to 
show the results by which his work is judged by non- 
engineers. Without doubt the utility company that 
operates these turbines is fully aware of the increased 
cost pointed out in the above article. True, the existing 
boilers may have been capable of supplying the in- 
creased demand at a much lower cost than indicated. 
Then, too, there is the question of whether this increase 
in the water rates of the turbines could have been pre- 
vented at all; also, if it were possible, how much might 
it have cost, in comparison with the cost of the addi- 
tional steam ? 

But the fundamental idea advanced by Mr. Andrews 
simply reénforces the doctrine we have stated on many 
occasions: that engineers must translate their technical 
results into dollars and cents if they are to receive the 
consideration of those who pay the bills. 


DuRING THE FIRST HALF of 1928, the nation’s busi- 
ness exhibited a continuance of the activity and prog- 
ress which has now lasted for a sufficient number of 
years to mark a general stability unparalleled in the 
economic history of the U. S. or any other important 
industrial country. This conclusion is based upon busi- 
ness indicators compiled from reports of governmental 
and private statistical organization for the Commerce 
Department’s semi-annual review of economic condi- 
tions. 

Electric power production, which has been increas- 
ing very steadily at a rate usually exceeding 10 per cent 
per annum, continued its expansion during the first half 
of 1928. 
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iFirst N.A.P.E. Convention Under New Name 


BUSINESS, PRESENTATION OF PAPERS, TRIPS AND INSPECTION OF POWER AND MECHANICAL EXposli- 
TION FEATURES 46TH ANNUAL CONVENTION, THE First SINCE CHANGING NAME FROM N. A. S. E. 


ONSTITUTIONAL changes, extension of the merit 
system, transfer of the Information Service from 
the Educational Department to the Editorial Depart- 
ment of the National Engineer, changing the association 


As the first national meeting since changing the 
name, National Association of Stationary Engineers to 
National Association of Power Engineers, the meeting 
was well attended and the program of business sessions, 





DETROIT WELCOMES GREAT THRONG OF N. A. P. E. DELEGATES TO 46TH CONVENTION 


incorporation from New York to Illinois, severance of inspection trips and addresses well balanced. As an 


relations with the National Exhibitors’ Association and 
possibilities of establishing an Employment Bureau were 
the chief points of interest in the business sessions of 
the Forty-sixth Annual Convention of the National As- 
sociation of Power Engineers held at Convention Hall 
in Detroit, Michigan, September 10 to 15. 


added feature the Detroit Power and Mechanical Ex- 
position, one of the finest power shows ever arranged, 
was held simultaneously in the same hall, and brought 
forth an abundance of newly developed equipment and 
well selected exhibits. 

Officially, the mechanical exhibit was opened on 
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Monday evening, Sept. 10, while the first session of the 
convention was held in the Masonic Temple on Tuesday 
morning. After a brief concert, a stanza of ‘‘ America”’ 
and the invocation, Merrit C. Sewerick presented Past 
National President Garrett Burgess as master of 
ceremonies. 

Senator S. O. Culver then discussed the engineering 
developments of the state and its relation to the devel- 
opment and use of power. National President Elmer 
Bassett responded and thanked the speaker for the 
cordial welcome extended. Councilman Wm: P. Brad- 
ley of Detroit then outlined some of the early history 
of Detroit and extended a cordial welcome to both vis- 
itors and delegates. In the response National Vice- 
president Thomas H. Herlihy paid tribute to Henry 
Ford and mentioned the place in the industrial world 
oceupied by Detroit. 


SPEECHES OF WELCOME 


Harvey T. Campbell, vice-president of the Chamber 
of Commerce, admitting that he could give a good en- 
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the past. As a member of those to whom credit was 
due for past success he drew attention to George Armi- 
tage, of New Jersey, No. 19, who attended the first con- 
vention of the association. 

National Secretary Fred W. Raven senpended and 
outlined briefly the aims and purposes of the association 
to bring capital and labor closer together, to sponsor 
no strikes and never to interfere between employer and 
employe. 

Due to an active interest in the mechanical exhibit, 
Henry Ford overstayed his time limit at the exposition 
and was not able to appear before the convention as 
he had planned to do. In his absence, an organ recital 
of Mr. Ford’s favorite pieces was followed by an ad- 
dress by Past National President Ed Jacques. Henry 
Ford served his time as a machinist and was much in- 
terested in the power plant of which Past President 
Jacques was assistant engineer. They: lived in the same 
house and from his personal knowledge, Past President 
Jaeques feels that Mr. Ford should have the title 
‘*Master Engineer of Modern Scientific and Industrial 





MORE OF THE N. A. P. E. DELEGATES TO 46TH CONVENTION AT DETROIT 


gineering talk because ‘‘knowing nothing of engineer- 
ing, I am not hampered by facts,’’ proceeded to outline 
our industrial structure and the relations of its three 
divisions, production, merchandising and finance, to 
each other. Engineers are a vital part of the first divi- 
sion and were encouraged to keep up the good work so 
that the coming generation would be as progressive as 


Engineering and Mechanical Art.’’ In reporting an 
interview, Past President Burgess said that Mr. Ford 
told the committee he liked the N. A. P. E. ‘‘because 
they are so practical.’’ 

Following this, the meeting was turned over to Na- 
tional President Bassett, who opened the business ses- 
sion and announced the committee appointments. The 
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session was then adjourned for the official picture which 
was scheduled for 12 o’clock. 


PRESIDENT BasseETT REPORTS 


In his report covering all phases of the association, 
President Bassett, among other things, recommended 
the continuation of the educational department and the 
usual appropriation of $10,000 for it to carry on its 
work. An employment bureau, operating without fees 
or contributions, combining the departments of editor, 
education, employment and secretary was also recom- 
mended and he strongly advocated the passage of a 
motion authorizing the Board of Directors to transfer 
the corporation from the state of New York to the state 
of Illinois, where it is not required to have a resident 
director on the board of directors. 

In his report, Vice-president Herlihy stated that he 
had travelled some 2000 mi. during the past year. In 
order to keep the loss of membership, which was re- 
ported again this year, from continuing, he recom- 
mended the division of the country into five sections 
each in charge of a national deputy and an active inter- 
est in establishing associations in some 200 cities of 
between 17,000 and 200,000 population. Four new 
associations have been formed during the past year and 
four states show a gain in membership. 


TREASURER’S REPORT 


Last year the receipts and balance amounted to 
$89,760.34, according to the report of National Treas- 


urer S. B. Forse and the disbursements $72,546.86, leav- 
ing a balance of some $9000 less than last year. At the 
same session, the report of the Educational Committee 
was presented showing that $9,758.30 of the $10,000 
budget had been spent. Several new codes and several 
short courses preparatory to the regular merit courses 
are under way. Fifteen hundred books have been sold 
and 200 new members started during the year, making 
a total of over 500 now enrolled in the courses. 
Following this, Tom Marsh, western engineer of the 
Combustion Engineering Corp., presented a paper deal- 
ing with the importance of the dollar in engineering 
and defined the engineer as ‘‘a man who does well with 
one dollar what the untrained man does with two.’’ 


PAPERS ON FLYING, ON MANAGEMENT, AND ON 
GROWTH OF INDUSTRY 


At the annual meeting of the Life and Accident In- 
surance Department Tuesday evening, following a con- 
cert by the Masonic Temple Orchestra, W. B. Strout, 
president of the Strout Air Service, Inc., gave an inter- 
esting address on the present status of aeroplane and 
commercial flying and referred it ‘‘not as an industry 
but as a disease, which attacks one severely after the 
first flight.’’ Thomas E. Black then gave a talk on 
‘‘Management,’’ suggesting that efficiency should not be 
emphasized at the expense of the individual. Respect 
between employer and employee must be mutual and 
to be of maximum service the employe must be re- 
spected and contented. 

Alex Dow, president of the Detroit Edison Co., was 
then introduced and traced the growth and influence on 
industry of the Detroit Edison Co. and its predecessors. 
When he joined the organization in 1896, they sold 
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about one million kilowatt-hours a year at an average 
rate of about 14 cents. He traced the growth of the 
company through to the present time when the sale of 
power is about 2000 million kilowatt-hours at an av- 
erage rate of about 2-1/3 cents. Half of this power is 
taken by 378 customers at an average rate of 114 cents. 
He stated that it is the policy of the company to sell 
power to industrial plants only when it is advisable 
for the customer to purchase it and that they never 
advocate or allow the entire use of purchased power if 
all or any part of it can be generated by a private plant 
operating in parallel with the central station. 

Following Mr. Dow’s address, the business session 
was resumed and mileage to the 333 delegates was voted 
at 6 cents a mile, the total amounting to slightly over 
$14,000. Following this the Ladies Auxiliary met with 
the delegates and collections totaling $5,298.28 were 
reported to the Pension Fund. A donation of $100 to 
this fund was voted by the N. A. P. E. The session 
closed with the annual memorial services. 


N. A. P. E. Severs Revations wits N. E. A. -' 


In the afternoon, it was voted to sever connections 
with the National Exhibitors’ Association on a six 
months’ notice and take steps to organize a new asso- 
ciation to be known as the National Power and Mechan- 
ical Exhibitors’ Association to handle the convention 
exhibits under the supervision of the N. A. P. E. In 
last year’s referendum, it was at first thought that this 
proposal carried but contested votes later changed the 
result. 

YEARLY BupGet APPROVED 


Friday morning, the yearly budget was approved 
providing for an expenditure of $52,075 from an ex- 
pected total income of $68,600, leaving a balance of 
$16,525. This total expected amount includes $20,000 
estimated taxation and $23,000 from the National Engi- 
neer. Besides the mileage of $14,025, the budget in- 
includes, in addition to other items, $8000 for the 
national secretary’s office, $6500 for the national treas- 
urer’s office and $10,000 for the Educational Committee. 

In the afternoon, Thos. R. Herlihy, of California, 
was unanimously elected national president, and James 
A. MeDevitt, of Philadelphia, was elected national vice- 
president in a closely contested race between four 
candidates. Treasurer S. B. Forse, of Pittsburgh, was 
unanimously re-elected president and for the first time 
in some ten years the office of secretary was contested, 
Fred W. Raven, of Chicago, being elected by a vote of 
144 to 114. 

After 30 yr. service, Joseph P. Carney withdrew 
from the Board of Trustees and George Diebold, of 
Buffalo, was unanimously elected in his place. George 
Armitage of Atlantic City, and Conrad A. Nelson, of 
Minneapolis, were unanimously elected doorkeeper and 
conductor, respectively. 


CHATTANOOGA WINS 1929 CoNVENTION 


In the race for next year’s convention, four cities 
were entered: Minneapolis, Milwaukee, Kansas City 
and Chattanooga. As is customary, the Board of Direc- 
tors, in conference with the officers of the N. E. A., 
gave their recommendations as 1 Minneapolis, 2 Mil- 
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waukee, 3 Kansas City. In spite of this, Chattanooga, 
Tennessee, persisted and the single-handed plea of Dick 
Park of Tennessee No. 2 with the text ‘‘Chattanooga 
come fo’rth,’’ won the contest on the fourth ballot, 122 
to 57. Kansas City, Minneapolis and Milwaukee being 
eliminated in the order named. 

Officers of the N. E. A. for the coming year are: 
President, I. S. Pieters, Plibrico Jointless Firebrick Co., 
Chicago, Ill.; Vice-president, George T. Ogden, C. E. 
Squiers Co., Cleveland, O., and Treasurer, Fred G. Jol- 
ley, Jenkins Bros., New York, N. Y. The executive 
committee are: John H. Allen, Everlasting Valve Co., 
Jersey City, N. J.; John W. Troescher, John A. Roeb- 
ling’s Sons Co., Trenton, N. J.; H. A. Burdorf, The 
Lunkenheimer Co., Cincinnati, O.; W. H. Gaylord, Jr., 
Quigley Furnace Specialties Co., New York, N. Y., and 
V. B. Nickerson, Greene, Tweed & Co., New York, N.Y. 


Fabric Filter for Lubricating 
Oil 

LEANING of oil by fabric filters receives consider- 
able attention at the present time on the part of 
engineers in all types of power plants. They will be 
interested, therefore, in the filter shown herewith. It 
was the object of the designers to provide for a straight- 
line flow of oil through a series or nest of filter bags 





FIG999-N°1 NY 











LEFT—FILTER BAGS ARE NESTED IN SERIES. RIGHT— 
COMPLETE FILTER UNIT MOUNTED WITH OIL PUMP 


in order to apportion the total area of filter cloth in 
accordance with the varying percentage of solids in the 
oil, since large solids require a relatively small area of 
coarse cloth while finer particles require larger areas 
of fine cloth. 

These conditions were designed for in the filter 
shown herewith, recently placed on the market by W. 
W. Nugent & Co., 410 N. Hermitage Ave., Chicago, Ill. 
It consists of a series of filter bags one within the 
other; the first or innermost one, with the smallest area 
of cloth, is designed to sort out the largest particles 
which the last or outermost one, surrounding all the 
others, is of fine dense cloth, intended to remove the 
finest particles of dirt and carbon from the oil. For 
oil from a given type of machinery, the successive bags 
can be properly graduated so that each accumulates 
about the same amount of dirt and so that the rate of 
flow will remain the same through all of them. An 
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electric-motor-driven pump is provided to draw lubri- 
eating oil from the machine, circulate it through the 
bags as often as necessary and return it. 


Tandem Blowoff Valve With 
One-Piece Body 


OILER INSPECTION LAWS of many states de- 

mand, in the interest of safety, the use of two 
valves in tandem in the blowoff line from a steam boiler. 
Ordinarily, two separate valve bodies are used and gen- 
erally one of the valves is of a special form designed to 
avoid or reduce erosion of the valve dise and seat by the 
hot water and sludge discharged at high velocity under 
boiler pressure. Difficulties in designing a satisfactory 


LEFT—AS WHEEL IS BACKED OFF, SEALING DISC PRES- 
SURE IS EQUALIZED AND CHECK DISC WITHDRAWN. 


RIGHT—PULLING LEVER LIFTS ROTARY GATE FROM 
SEAT SO IT CAN BE OPENED 


blowoff valve naturally increase with increasing pres- 
sure. Not only must the valve body and parts be made 
stronger and greater care taken to maintain tightness 
but, due to the higher temperatures, there is a greater 
tendency for distortion and leakage due to thermal ex- 
pansion and contraction. 

To meet these exacting requirements, the valve illus- 
strated has been designed. There are two main valves 
in tandem, as required by law, but both valves are com- 
bined in a single, forged-steel body. The valve nearer 
the boiler is of the rotating gate type and in ordinary 
operation is intended to be opened before the main 
valve is opened and to be closed after the main valve is 
closed. The gate member is conical in shape and is 
ordinarily held to its seat by a seating spring and by 
the water pressure. In order that it may be turned 
easily and without scratching of valve or seat, provi- 
sion is made for lifting it from the seat before it can 
be turned. The valve member is a one-piece, stainless 
steel forging, hardened and ground. 

Main blowdown valve, which controls the actual 
blowdown, also embodies in itself the double-tightness 
principle; that is, it has a main sealing dise and a check 
dise. The sealing dise is provided with a bypass valve 
to equalize pressure while the sealing dise is being 
opened and closed. The check disc is in series with the 
main disk and the bypass and is intended to take all 
of the wear and wiredrawing of the actual opening and 
closing under pressure and flow. The function of the 
check dise is merely to hold the pressure while the seal- 
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ing valve is being seated or unseated and its perfect 
tightness is relatively unimportant. The sealing dise 
and seat, on the other hand, are not subjected to wire- 
drawing, cutting or abrasion. Both the sealing valve 
and the check valve and their removable seats are made 
of stainless steel, however, hardened and ground. 

Sequence of operations in opening the valve and 
blowing down the boiler is as follows: First, the valve 
lever of the rotary gate valve is lifted, which pushes the 
gate valve off its seat by the action of the cam, the gate 
valve is rotated through 90 deg., giving a straight- 
through passage and then the lever is pushed in, again 
seating the gate valve. The hand wheel of the main 
valve is next backed off sufficiently to raise the bypass 
valve, which equalizes the pressure on the sealing disc. 
Further backing off lifts the sealing disc away 
from its seat, so that neither dise nor seat will be sub- 
jected to erosion when flow begins. Finally, complete 
backing off of the hand wheel lifts the check dise away 
from its seat and out of the current of sludge and water 
discharging at high velocity from the boiler. This valve 
is a recent product of the Cochrane Corp., Philadelphia, 
Pa. 


Manhole Oil Circuit Breaker 


SPECIALLY DESIGNED for underground dis- 

tribution for all voltages up to 7500, the manually- 

operated, manhole, type M-9 oil circuit breaker has 
recently heen placed on the market. 














OIL CIRCUIT BREAKER FOR 7500-V. UNDERGROUND 
DISTRIBUTION CIRCUITS 


This -breaker is of water-tight construction. <A 
strong, rugged frame is used with reénforcing ribs at 
selected points to afford a rigid foundation for the 
mechanism contact, studs and bushings. The frame is 
arranged on two sides for either single or multi-con- 
ductor cable sleeves. The tank is of strong, rectangular 
construction, securely bolted at many points to the un- 
derside of the frame. Gaskets are provided at all joints, 
affording water-tight construction. 

Type M-9 is furnished by the Condit Electrical Mfg. 
Co., Boston, Mass., for automatic or non-automatic op- 
eration. For automatic operation, a bushing-type cur- 
rent transformer and a trip coil per pole are provided. 
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The breaker is furnished three pole, designed for 400, 
600 and 800 amp. capacity at 7500 v., with an estimated 
interrupting capacity of 3000 amp. at 7500 v. 


Belt Conveyor Idler 


AIRFIELD EINGINEERING CO., Marion, Ohio, 
has placed on the market a belt conveyor idler. 
Lifetime service is claimed for the idler, one reason for 
this being the de Lavaud cast-iron pipe construction of 


PIPE ROLLERS RUN ON TIMKEN BEARINGS 


This product is a centrifugally-cast iron 
pipe, designed to be dense and close-grained and free 
from blow holes and slag pockets. Due to the uniform © 
wall thickness and trueness to shape, the de Lavaud 
pipe roller runs true and without vibration and is 
claimed to be highly resistant to rust or abrasion. 
Timken bearings are used throughout and lubrica- 


the roller. 


tion is of the direct, high pressure type. All grease 
pipes are extended to the end of the supporting frame, 
making the grease connections all easily accessible and 
eliminating the necessity of reaching under moving 
belts. Another feature of the lubricating system is the 
four-pass, dust-proof labyrinth grease seal, with small 
diameter exit in the outside washer. As there is no 
grease pocket outside the grease seal washers, the idler 
cannot throw grease. An important service feature 
is the interchangeable roller. All rollers on each idler 
are the same face, with ends alike so that rollers can be 
inserted between any bracket or turned end for end 
between the brackets. Bearing adjustment is positive, 
with any degree of fineness and rollers do not loose 
adjustment when removed from the brackets. The heavy 
cast-iron brackets are mounted on a self-closing angle 
base. If desired, bases are furnished tilting the idler 
in the direction of belt travel to insure a true running 
belt. 

The face of the return roller supports the belt 114 
in. above the bottom flanges of the stringer channels, 
giving good belt clearance above supporting frame cross 
members. Oscillating bearings are not required or used, 
so return rollers can be set to train the belt properly. 
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International Combustion Ac- 
quires Hedges-Walsh-Weidner 


EORGE E. LEARNARD, president of the Interna- 

tional Combustion Engineering Corp., announces 
that negotiations have been completed for the purchase 
of the Hedges-Walsh-Weidner Co., of Chattanooga, Ten- 
nessee, a recent combination of The Casey-Hedges Co. 
and The Walsh & Weidner Boiler Co. 

With this new company, International Combustion 
augments its manufacturing facilities with two of the 
boiler plants, one of which is prominent in the sectional 
header boiler field, while the other has facilities for the 
manufacture of the largest drums which can be made in 
the United States. 

Acquisition of the Hedges-Walsh-Weidner plants 
provides manufacturing facilities of sufficient size to 
build large steam generating units such as those re- 
cently installed at the Kips Bay plant of the New York 
Steam Corp. and those now being built for the East 
River Station of the New York Edison Co., capable of 
producing 1,000,000 Ib. of steam per hour. 

The new acquisition will function in all phases of 
its activity through Combustion Engineering Corpora- 
tion, the American operating subsidiary of Interna- 
tional Combustion Engineering Corporation. 


Power Show to Be Enlarged 


N THE seventh National Exposition of Power and 

Mechanical Engineering to be held at the Grand 
Central Palace, New York, Dec. 3 to 8, will be found, 
according to the statement of the managers, a well- 
rounded display of equipment. To facilitate the study 
of exhibits, classification has been made into five groups; 
power, heating and ventilating, transmission, machine 
shop and miscellaneous. 

In these groups are subdivisions which are repre- 
sented according to present figures as given, of the 
number of exhibitors, as follows: For the power group; 
instruments of precision, 26; electrical equipment, 54; 
pipe and piping, 18; pipe, expansion and flange joints, 
hangers and pipe bending, 13; valves and fittings, 51; 
steam specialties, 24; gaskets and packing, 9; separa- 
tors, oil and steam, 9; pumps, 14; engines and turbines, 
20; eoal companies, 5; pulverized coal equipment, 10; 
oil burning equipment, 6; stokers and grates, 14; fur- 
naces, 15; boilers, 12; soot cleaners, 3; feedwater 
heaters and exchangers, 8; feedwater softeners and 
treatment, 5; oil and water filters, 8; fire brick, arches, 
boiler settings, 21; insulating material, 4; paint, spe- 
cial, 6. 

For the heating and ventilating group: radiators, 
12; cooling towers, 4; blowers, 20; air conditioning 
apparatus, 5; air filters, 6; pumps, 11; furnaces, 15; 
boilers, 9; grates and stokers, 14; gas heating equip- 
ment, 6; oil burners, 3 valves and fittings, 26; steam 
specialties, 20; ventilators, 4. 

For transmission: belting, 5; belt dressing, 3; belt 
fasteners, 3; belt, chain, 3; pulleys, 7; drives, 6; trans- 
missions, 5; clutches, 6; bearings, 14; gears, 20; cou- 
plings, 18; speed reducers, 12; lubricants, 6. 

For machine shop: tools and machine tools, 50; 
welding, 11; lubricants, 8; lubricators, 11. 
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In the miscellaneous group: material handling 
equipment, 28; safety appliances, 14; sound deadeners, 
3; floor plates and gratings, 9; production machinery, 
4; metals, 15; tanks, 14; flexible hose, 2; engineers and 
engineering, 3. 

That this exhibit has found a place in the interest 
of engineers is shown by increase in attendance over a 
period of eight years, from a few hundred to 25,000 
registered last year and a general admission of 100,000 
for the week. Of those who register, a large percentage 
are corporation officials, plant owners and executives, 
engineers and designers and technical men who are 
studying the latest developments. Parties of engineer- 
ing students also make trips to the show and agree that 
it is of real benefit to them. 

Comparison of materials and equipment as displayed 
enables manufacturers and engineers to keep abreast 
of progress and to adopt methods and apparatus that 
will lower costs and improve economy. 

One notable trend is toward exhibits that demon- 
strate the uses of products and the operation of appara- 
tus, thus adding to the interest and value of a visit to 
the show. 


News Notes 


ACCORDING TO a recent announcement, the Fourth 
Midwest Power Conference will be held in Chicago dur- 
ing the week of February 10, 1929, and will be con- 
vened every two years thereafter, or in 1931 and 1933. 
This policy has been adopted with the idea of having 
the power conference of greater interest in conjunction 
with other conferences in 1933. The outline of the 
conference will be practically the same as last year; the 
program will be arranged to include technical papers 
of outstanding interest by recognized authorities, ap- 
pealing to the various advanced classes of power engi- 
neers. Recommendations have been made that the 
Fourth Power Conference be made up of power engi- 
neering interests of the following: American Institute 
of Electrical Engineers, American Institute of Mining 
Engineers, American Society of Mechanical Engineers, 
National Safety Couneil, Western Society of Engineers, 
American Society of Civil Engineers, American Soci- 
ety of Refrigerating Engineers and American Society 
of Heating and Ventilating Engineers. Meetings and 
plans are now being formulated and representatives are 
being elected by various societies. It is hoped that a 
schedule of papers and speakers can be announced in 
the near future. 


New York Epison Co. put into operation, on Sep- 
tember 17, a new substation, stated to be the largest 
entirely automatic station in the world, located at 238th 
St. and Spuyten Duyvil Road, New York City. It is 
controlled by a Westinghouse supervisory control sys- 
tem from another station about 3 mi. away. 


ANNOUNCEMENT HAS just been made, by The Timken 
Roller Bearing Co., of the incorporation of a new com- 
pany known as The Timken Steel and Tube Co. Head- 
quarters and mills are in Canton, Ohio, with sales of- 
fices in Chicago, Los Angeles, Detroit and New York. 


The officers are: H. H. Timken, chairman; M. T. 
Lothrop, president; J. W. Spray, viee president; A. J. 





POWER PLANT 


1066 


Sanford, vice president in charge of sales; J. E. Daily, 
vice president in charge of operations, and J. E. 
Strough, secretary and treasurer. 


IpEAL CoMMUTATOR DRESSER Co. announces the ap- 
pointment of Industrial Supply Co., 121-125 Motor 
Ave., Salt Lake City, Utah, to handle its products in 
the Rocky Mountain district for commutator and motor 
maintenance. 


Cuicaco PnNgEuMaATIC Toot Co. announces the ap- 
pointment of H. H. Sherman as manager of the pub- 
licity department with headquarters at the general 
offices of the company, Chicago Pneumatic Bldg., 6 East 
44th St., New York. Mr. Sherman joined the company 
in 1927 as assistant publicity manager and has had 
many years’ experience in industrial advertising and 
advertising agency work. 


Tue Trimont Mre. Co., Inc., Boston, Mass., has an- 
nounced the development of a new Trimo wrench. A 
new method of heat treating has been developed to give 
the handle greater strength and the swing steel frame, 


though not materially changed, has been strengthened 
so that, the manufacturer states, breakage is virtually 
out of the question. Overlapping side lugs, an integral 


part of the handle, are provided to brace the frame 
effectually against distortion or spreading. Replace- 
able insert lower jaw and nut-guards are further fea- 
tures of the new wrench. 


JOHN W. O’CoNnNELL, recently appointed district 
manager in the Geneva, Ill. territory, for the Western 
United Gas & Electric Co., has assumed his new duties 
for the Western United, which recently took over fran- 
chise to furnish light and power for the Batavia, Geneva 
and St. Charles district from the Public Service Co. 
Mr. O’Connell was former distribution manager for the 
Western United in Aurora. 


C. Kemsie Baupwin, for many years identified with 
the Belt Conveyor Division of Robins Conveying Belt 
Co., died in Los Angeles, Calif., on August 9. He 
joined the company in 1898 and soon after became 
chief engineer, in which capacity he was largely re- 
sponsible, the company states, not only for many im- 
provements in conveying machinery but for its intro- 
duction into many fields in which it is now indispen- 
sable. He was a member of many technical societies. 


Warren STEAM Pump Co., INc., Warren, Mass., an- 
nounces that E. A. Edwards, who has been connected 
with Schumaker-Santry Co., Boston, for 11 yr., has 
associated himself with the Boston district office of the 
Warren Steam Pump Co., 101 Milk St., Boston. 


H. W. Brooks, consulting engineer of New York 
and St. Louis, sailed for London on September 13 to 
begin a European tour of several months, to make a 
‘study of recent developments in power plant practice 
abroad. From September 24 to October 6, he will at- 
tend the meetings of the World Power Conference at 
the Imperial Institute, London, serving as official dele- 


ENGINEERING 


October 1, 1928 


gate of the American Society of Mechanical Engineers 
and the International Railway Fuel Association and 
presenting a paper there on Pulverized Fuels in Marine 
Service. 


CHARLES J. Peck, president of Detroit Engineering 
Society, Detroit, Mich., died on September 9, 1928. 


NorTHERN EquipMeEnt Co., Erie, Pa., has announced 
the organization of Copes Regulators, Ltd., an English 
subsidiary of the Erie company. The company will 
specialize in problems of feedwater regulation in Great 
Britain and will also take over the manufacture of 
Copes regulators there. Headquarters will be Thanet 
House, 231 Strand, London. Directors will be H. W. 
Spencer, N. H. Brown, C. H. Armstrong and E. W. 
Nick. 


Brown INSTRUMENT Co., Philadelphia, Pa., has work 
under way on extensive improvements to its heating 
plant to increase the boiler capacity. The building has 
been altered to include a new floor level, the roof is sup- 
ported on steel instead of wood and additional space 
will be provided for a steam plant of sufficient capacity 
for heating floor space three times that of the company’s 
present building. A new H. B. Smith No. 60, 17-section 
boiler is being installed. Two of the old boilers have 
been removed and the third is being reset to bring the 
water level at the same point as that of the new boiler. 
The new equipment will be oil-fired and complete equip- 
ment of Brown instruments will be installed. 


BotrieLD Rerractorigs Co., Philadelphia, Pa., has 
appointed W. E. Tierney as its representative in the 
south and southwest with headquarters in New Orleans, 
La. 


HOMESTEAD VALVE MANUFACTURING Co., Homestead, 
Pa., announces that its office headquarters and manu- 
facturing facilities are being moved to Coraopolis, Pa.; 
the change is expected to be completed by October 1. 


W. B. Connor Co., Inc., 369 Lexington Ave., New 
York City, with its subsidiary division, the General Air 
Filters Corp., is now almost completely installed in its 
plant recently acquired in Lincoln Park, New Jersey. 
The transfer from the old plant in Brooklyn, N. Y., 
was expected to be finished entirely by the end of Sep- 
tember. The New York office will continue to function 
as a sales office, while the executive headquarters will 
be established at the new plant. 


Connecticut Power Co., Hartford, Conn., an inter- 
est of the Hartford Electric Light Co., is concluding 
arrangements for the acquisition of the Manchester 
Electric Co., Manchester, Conn., serving both Manches- 
ter and South Manchester. 


State Line GENERATING Co., an interest of the Com- 
monwealth Edison Co., Chicago, Ill., has made applica- 
tion to the Public Service Commission of Indiana for 
authority to issue notes in amount of $14,000,000, the 
proceeds to be used for the completion of its steam- 
operated power project at Hammond, Ind., now in 
course of construction. The station has been under 
way for the past 24 mo. and is scheduled for comple- 
tion early the coming year. It will have a rated capac- 
ity of 275,000 hp. and is estimated to cost $28,500,000. 
The entire output will be used by the Commonwealth 
Edison Co., Publie Service Co. and the Interstate Pub- 
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lie Service Co., Indianapolis, Ind., which are joint own- 
ers in the enterprise. An extensive transmission system 
will be operated in conjunction with the different power 
interests, to furnish block power service from the plant. 

ILLINOIS Power anp LicHt Corp. is planning in- 
auguration of reduced electric power service charges in 
450 Illinois communities, J. W. Johnson, operating vice- 
president of the company, announced at hearing before 
the Illinois commerce commission at which the com- 
pany’s petition for increases in electric railway, bus 
and steam heat services was presented. The electric 
service reductions, Mr. Johnson said, were intended to 
fix a basic maximum of 12 cents for communities in 
which less than 1000 meters were installed; 10 cents 
for communities with between 1000 and 10,000 meters 
and 8 cents in communities with over 10,000 meters. 
The proposed tariff, which is dependent upon passing 
directly to the traction and bus and heat users the 
expenses of operation, will affect 200,000 electric power 
users and the utilities official said that in some com- 
munities in which such service charges had already 
been established, the electric power reductions were 
effecting savings of approximately $800,000 annually. 

DEVELOPMENT of hydraulic power in Finland is pro- 
ceeding at a rapid pace and three large power plants 
were scheduled to be put in operation during the sum- 
mer. Of these plants, the largest is that of the Board of 
Waterfalls at Imatra, where Francis turbines will be 
used under a 24-m. head to develop 27,000 hp. per 
runner. Another important project is the Karhula 
power plant at Hogfors on the Kymmene river where 
8860 hp. will be developed by means of two Kaplan 
turbines operating under a 12.5-m. head. The Karhula 
plant has been put in operation and the acceptance 
tests have been completed but the results are not yet 
known. The third important plant is at Myllekowski 
where four 2000-hp. Francis turbines and one 5 to 
7000-hp. Kaplan turbine will be employed. The tur- 
bines for all of the plants mentioned have been supplied 
by the Kristinehamn company through its Finnish rep- 
resentatives, Tammefors Aktb. The design and con- 
struction of Imatra is being carried out by the Finnish 
Board of Waterfalls. The design and supervision of 
Karhula and Myllekowski is in the hands of Konsul- 
tande Ingeniorsbyran Aktb. of Helsingfors. 

One unusual feature of water power development in 
Finland is that about one-third of the developed 
capacity is applied through direct mechanical drive. 
Another feature is that whether the drive is electrical 
er mechanical, the plants are in most instances isolated 
and, as the heads are small, the Kaplan turbine with 
its adjustable blade is widely used. 


Catalog Notes 


IN A CONVENIENT booklet of Steam Tables, for tem- 
peratures of 32 to 705 deg. F. and pressures of 1 to 
3300 lb. absolute is included superheat data for pres- 
sures from 1 lb. to 3300 lb. and for superheat of 50 to 
300 deg., also a heat-entropy diagram. This is a reprint 
by The Superheater Co. from its book on Superheat 
Engineering Data, the new 7th Edition, revised to in- 
clude the latest steam plant practice. The steam tables 
may be had by writing to the Superheater Co., 17 East 
42nd St., New York, N. Y. 
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OuTpoor SwitcHInGc EQUIPMENT, group operated, 
tilting-insulator switches are discussed in bulletin 
GEA-1003, a recent publication of General Electric 
Co., Schenectady, N. Y. The equipment is illustrated 
and tables of dimensions and prices are given, together 
with dimension sketches for laying out. Another recent 
bulletin of this company, GEA 1004, gives details of 
hook-operated disconnecting switches, fusible cutouts 
and current-limiting resistors. 


Foster SUPERHEATERS are completely described and 
illustrated in a 48-page catalog, No. 304, just issued by 
Foster Wheeler Corp., 165 Broadway, N. Y. Many 
illustrations of typical superheater installations are 
shown, to give an idea of the conditions under which 
they are installed; various types of superheaters are 
fully described and the catalog is completed by a steam 
table extending to 1500 lb. absolute pressure and 300 
deg. superheat. 


Deraits of the method by which a large central sta- 
tion in Illinois has built up an extensive business by 
supplying hot water for heating to local residences, is 
given in the Firebox for August, 1928, published by the 
Plibrico Jointless Firebrick Co., Kingsbury St., Chi- 
eago, Ill. 


MANGANESE STEEL, the history of its development. 
discussion of its composition and a detailed statement 
of what it does and how it can be used, are included in 
a 16-page booklet recently issued by the American 
Manganese Steel Co., 333 N. Michigan Ave., Chicago, Il. 


WESTINGHOUSE ELECTRIC AND MANUFACTURING Co. 


has recently published circular No. 1799 describing its 
type ‘‘O-241’’ oil circuit breaker a new heavy duty 
breaker built for either indoor or outdoor service on 


alternating current lines. It is designed for 600, 1200 
and 2000 amp. at 15,000 v. and 600 and 120 amp. at 
37,000 v. 


NOVEL TREATMENT of a cubic foot of steam and how 
to clean it is given in a folder issued by Andrews-Brad- 
shaw Co., Farmers Bank Bldg., Pittsburgh, Pa., ex- 
plaining the principle of the Tracyfier action. 


AMERICAN-MarsH single stage, split-case, centrifugal 
pumps, improved type HBM for general service are de- 
scribed and well illustrated in a 16-page bulletin, No. 
38, recently issued by the American Steam Pump Co., 
Battle Creek, Mich. 


RESISTANCE THERMOMETERS for recording and indi- 
cating temperatures are described and illustrated in a 
new bulletin, No. 80, just issued by Leeds & Northrup 
Co., 4901 Stenton Ave., Philadelphia, Pa. 


AntHony Nesutyte Oil Burning System is de- 
seribed and illustrated in detail in a recent bulletin 
issued by The Anthony Co., Long Island City, New 
York. 


Use or CELITE IN CONCRETE is discussed in detail by 
a new 16-page bulletin, No. 339, just issued by the 
Celite Products Co., 130 South Hope St., Los Angeles, 
Calif. 


J. F. S. Speep CHANGERS are described and dimen- 
sions given for all sizes in a new folder issued by 
Stephens-Adamson Mfg. Co., Aurora, III. 
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Power Plant Construction News 


Ala., Mobile—The Lores Canning Co. plans installation 
of power equipment in connection with proposed rebuilding 
of portion of plant recently destroyed by fire, with loss re- 
ported at close to $100,000. 

Ariz., Phoenix—The Crystal Ice & Cold Storage Co. has 
plans nearing completion for a new five-story cold storage and 
refrigerating plant at Second Avenue and Jackson Street, to 
cost about $100,000, with equipment. 

Ark., Hot Springs—The Sleepy Water Co., Sleepy Springs, 
near Hot Springs, plans construction of a power plant at its 
properties in connection with new water station, pumping 
plant and laboratory. S. H. Kaplan is president. 

Calif., San Francisco—Marchetti Motor Patents, Inc., Russ 
Building, will install power equipment in a proposed aircraft- 
manufacturing plant on the Bayshore Highway, South San 
Francisco, entire project to cost about $250,000. A. W. Ryder 
is company engineer. 

Calif., Sausalito—The Northwestern Pacific Railroad Co., 64 
Pine Street, San Francisco, Calif., has plans under way for 
construction of two new power substations at Pine, near Sau- 
salito, and at Baltimore Park, same vicinity, respectively, re- 
ported to cost more than $35,000. 

Conn., Buckland—The E. E. Hilliard Co., Inc., has ap- 
proved plans for a water power and hydroelectric power proj- 
ect at its local woolen mill and will proceed with work at 
once. Charles T. Main, Inc., 201 Devonshire Street, Boston, 
Mass., is consulting engineer. 

Fla., Tampa—The Perry Paint & Glass Co., East Lafayette 
Street, plans installation of power equipment in a new addition 
to paint-manufacturing plant to cost about $100,000. 


Ga., Columbus—The Archer Hosiery Mills, Inc., will build 
a one-story boiler plant, 18 x 37 ft., in connection with new 
mill unit, entire project to cost more than $60,000. Lockwood, 
Greene Co., Inc., Wilson Building, Charlotte, N. C., is 
architect and engineer. 

-Ga., Montezuma—The South Georgia Power Co., Albany, 
Ga., plans construction of cold storage and refrigerating plant 
at Montezuma, reported to cost more than $40,000, with equip- 
ment. 


Ill., East St. Louis—The Evans-Walloer Leo Co., Joplin, 
Mo., plans installation of power equipment in a new elec- 
trolytic zinc plant at East St. Louis, to be operated in the 
name of the Evans-Walloer Zinc Co., a subsidiary organiza- 
tion, reported to cost more than $750,000. A contract has been 
let to the Union Electric Light & Power Co. for power 
service, to be furnished from its Cahokia power plant. 


Ill, New Athens—The Okaw Stove & Enameling Co., New 
Athens, will install power equipment in new one-story unit, 
80x200 ft., reported to cost more than $85,000. Gill & Jack- 
son, Buder Building, St. Louis, Mo., are architects. 


Ind., Indianapolis.——The Artificial Ice & Cold Storage Co., 
316 West Ohio Street, is said to be planning an addition to 
its plant at Winthrop and Forty-second Streets, reported to 
cost more than $40,000, with equipment. A. C. Goll is general 
manager. 

Iowa, Cedar Rapids—The Waterworks Department has 
preliminary plans under way for a new water-softening and 
filtration plant at the municipal waterworks, near Ellis Park, 
to cost more than $600,000. Alvord, Burdick & Howson, Hart- 
ford Building, Chicago, IIl., are consulting engineers. 


Iowa, Sioux City—The Cudahy Packing Co., Union Stock 
Yards, Chicago, Ill., has plans under way for construction of 
four-story cold storage and refrigerating plant at Sioux City, 
reported to cost about $200,000, with machinery. 


Kan., Dighton—The Common Council has approved plans 
for a municipal electric light and power plant and will begin 
work at early date. 

Ky., Louisville—The Mengel Body Co., Fourth and G 
Streets, manufacturer of automobile bodies, operated by the 
Mengel Co., same address, plans installation of power equip- 
ment in a proposed new addition to cost more than $750,000, 
with machinery. 

La., New Orleans—The American Solvents & Chemical 
Corporation plans installation of power equipment in corinec- 
tion with proposed rebuilding of portion of local plant de- 
stroyed by fire, Aug. 30, with loss reported in excess of 
$800,000. 


Mass., North Easton—The Ames Shovel & Tool Co., will 
install power equipment in a new addition to local plant to 
cost close to $100,000. 


‘Mich., Detroit—The Detroit Gasket Co., 6209 Hamilton 
Avenue, plans the construction of a one-story boiler plant in 
connection with new factory addition reported to cost more 
than $50,000... C. W. Brandt, 2111 Woodward Avenue, is 
architect. 


Mich., Lansing—The Olds Motor Works Division of the 
General Motors Corporation plans installation of power equip- 
ment in proposed new additions to cost more than $1,000,000. 


Mich., Lansing—The Reo Motor Car Co. plans installation 
of power equipment in a new three-story addition to motor 
truck department reported to cost more than $500,000. 


Neb., Omaha—The Jerpe Cold Storage Co., 1116 Douglas 
Street, has -plans maturing for a four-story addition to its 
cold storage and refrigerating plant, estimated to cost about 
$60,000, with equipment. J. T. Allen and N. S. Wallace, 
Brandeis Theater Building, are architects. 


N. M., Tularosa—The Tularosa Tie & Lumber Co.: plans 
installation of power equipment in connection with proposed 
rebuilding of mill recently destroyed by fire with loss reported 
at close to $100,000. 


N. Y., Buffalo—Board of Directors, Emergency Hospital, 
669 Main Street, L. J. Schwab in charge, is considering con- 
struction of addition to power plant at institution, on site on 
Pine Street, reported to cost in excess of $85,000. 


N. Y., New York—The Commissioner of Mental Hygiene, 
Department of Mental Hygiene, Capitol Building, New York, 
is asking bids until Oct. 10, for refrigeration equipment for 
the New York State Psychiatric Institute and Hospital, New 
York, as per plans and specifications at the office of the 
Department of Public Works, Division of Architecture, 353 
Broadway, Albany, and 949 Broadway, New York. 


Ohio, Akron—The B. F. Goodrich Co..plans installation of 
power equipment in a nine-story addition to its rubber mill 
on Falor Street to cost close to $1,000,000. 


Ohio, Niles—The Niles Steel Products Co., Walnut Street, 
plans installation of power equipment in proposed one-story 
mill addition to cost close to $150,000. J. E. Fitzgerald is 
president. 


Ohio, Sandusky—The Barr Rubber Products Co. plans in- 
stallation of power equipment-in connection with proposed re- 
building of portion of plant destroyed by fire, Sept. 6, with 
loss reported in excess of $200,000. 


S. C., Hartsville—The Hartsville Print & Dye Works, Inc., 
plans installation of power equipment in connection with new 
addition to textile mill, entire project reported to cost more 
than $80,000. Robert & Co., Inc., Atlanta, Ga., is architect 
and engineer. 


Tenn., Kingsport—The Mead Fibre Co. plans installation 
of power equipment in a new addition reported to cost 
more than $70,000, with equipment. 


‘Texas, Fort Worth—The Texas Ice & Refrigerating Co., 
1201 Jones Street, has filed plans for new one-story ice-manu- 
facturing and cold storage plant, reported to cost more than 
$40,000, with equipment. 


Va., Richmond—The Hermitage Ice & Storage Co., Her- 
mitage Road, has preliminary plans under way for construc- 
tion of ice-manufacturing and cold storage plant at Hermitage 
Road and Leigh Street, reported to cost more than $50,000, 
with equipment. A similar plan is also being projected in 
the East End district. 


Wash., Tacoma—The City Utilities Department, Light 
Division, is planning construction of a power substation for 
service at the new plant of the Hooker Electric-Chemical Co., 
to cost about $35,000, with equipment, and has made applica- 
tion to City Council for authority. 


W. Va., Hinton—The West Virginia Hydro-Electric Co., 
Charleston, W. Va., is considering construction of group of 
three hydroelectric power plants in Raleigh and Summers 
counties, each with capacity of 7000 hp. Extensions will also 
be made in transmission lines. 





